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Welcome to the
4th International Symposium on Environmental Geochemistry

Welcome to colorful Colorado. This Rocky Mountain valley is an area once used to train soldiers of
the 10th Mountain Division for Alpine combat in Europe during World War II. After the war, one of those
soldiers came back with the dream of starting a ski area. In 1962, Vail opened and has grown into the
largest, single-mountain ski resort in North America. During your stay we hope you will be able to visit the
surrounding regions and enjoy American hospitality, food, and beautiful scenery.

It is an honor to host the 4th International Symposium on Environmental Geochemistry and we are
eager for you to have a successful and productive conference. You can rest assured that every member of
the Organizing Committee will see to accommodating your needs. Details of the scientific program and
social events are given in the following pages. If you need assistance or have any questions, please feel free
to go to the Registration Desk or ask any Organizing Committee member.

The support from sponsors, exhibitors, and attendees is gratefully acknowledged. A special thank
you is extended to the Association of Exploration Geochemists, the Society for Environmental
Geochemistry and Health, and the International Association of Geochemistry and Cosmochemistry for their
interest and financial support. The United States Geological Survey also gave significant financial support
in allowing members of the Organizing Committee time to devote to the Symposium.

The Organizing Committee

This proceedings volume is published as U.S. Geological Survey Open-File Report OF97-496. Literature citations can appear as
follows:

Amacher, M.C., Kotuby-Amacher, J., and Brown, R.W., 1997, Reactions and transport of copper in headwater
streams receiving acid rock drainage, in, Wanty, R.B., Marsh, S.P,, and Gough, L.P,, eds., 4th International
Symposium on Environmental Geochemistry Proceedings: U.S. Geological Survey Open-File Report OF97-
496, 100 pp.

& USGS

science for a changing world

United States The Association of Society for Environmental International Association of
Geological Survey Exploration Geochemists Geochemisty and Health  Geochemistry and Cosmochemistry
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4th International Symposium on Environmental Geochemistry
Conference

October 5 - October 10, 1997

Vail Cascade Hotel & Club
Vail, Colorado

GENERAL INFORMATION

ACCOUNTS—AIl incidental expenses for items not covered by your registration fee are your responsibility and must be
settled directly between you and the Hotel. These expenses include items such as: meals, telephone calls, room service, bar bill,
additional accommodations, golf green fees, etc.

ACUTE MOUNTAIN SICKNESS—Please take the time to read the Colorado Altitude Research Institute information
included in your registration bag. Vail Valley starts at 8,000-foot (2500-m) elevation, with surrounding terrain rising higher.
Depending upon the altitude, 20 to 30% of all visitors from sea level have one or more symptoms of acute mountain sickness.
The Organizing Committee would like your stay to be safe and enjoyable.

Increase Fluid Intake

Decrease Salt Intake

Moderate Your Physical Activity

Eat Low Fat Meals

Reduce Alcohol and Caffeine Consumption
Feeling Lousy? Seek Help through Hotel
Have Fun!

AN N N N N N N

CASCADE ATHLETIC CLUB—For a nominal daily usage fee of $12.00 ($20/4 days, $30/week), delegates have privileges
to the sports, fitness, and health facility. Located adjacent to the Hotel, the Club provides a variety of spa and recreation facili-
ties including indoor/outdoor tennis, racquetball, squash, basketball, aerobics, Nautilus equipment, steam rooms, and more.
Passes can be purchased at the front desk.

HOTEL CHECK-IN AND CHECK-OUT TIME—Hotel check-in time is 4:00 p.m. on day of arrival and check-out time is
12:00 p.m. on day of departure or Friday, October 10. Luggage may be stored at the front desk. Delegates staying in their rooms
beyond check-out time will be charged for an additional room night.

MESSAGE CENTER—A message center will be maintained in the Centennial Foyer for the convenience of conference
attendees. Incoming messages for attendees will be posted on individual room phones or the message center board, near the
Registration Desk. To call the center, dial 970-476-7111 and ask for the 4th ISEG Message Center.

NO SMOKING—For the comfort of all, please refrain from smoking in the meeting rooms, eating areas, and foyer.
BUSINESS CENTER—Fax, photocopying, or transparencies. Check at Hotel Registration Desk.

EXHIBITS—The 4th International Symposium on Environmental Geochemistry will feature an exhibition of scientific
equipment, accessories, and supplies. Exhibits will be located in the Centennial Foyer. Exhibits will be open Monday, Tuesday,
Thursday, and Friday during conference hours with coffee and soft drinks served each day during breaks.

EXHIBIT HOURS: Monday, October 5 9 a.m. to 8 p.m.

Tuesday, October 7 9am.-5p.m.
Thursday, October 9 9 a.m. - 6:30 p.m.
Friday, October 10 9 a.m. - 12 noon

ORAL PRESENTATIONS—The Conference Center Centennial Ballroom will be the site for all lectures.

Because of the parallel sessions, Session Chairs have been asked to keep strictly to the schedule time table, which allows 20
minutes for presentations. Authors are requested to make themselves known to the Session Chairs before the session begins.

Speakers will be able to preview their slides in the Goldenrod Suite. Viewers will be available.
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POSTER PRESENTATIONS—Posters will be on display in the Rocky Mountain Ballroom Sunday evenings through Friday
morning. Authors will be asked to attend their posters during the Monday mixer and Thursday social hour. Session 1, 3, 5,7, 8,
and 10 authors may put up their posters between 3:00 and 5:30 p.m. on Sunday and should take them down before noon on
Wednesday to ensure that the boards are available. Session 2, 4, 6, and 9 authors may put up their posters Wednesday afternoon
and should take them down by 1:00 p.m. on Friday.

REGISTRATION—Registration Badges are required for admission to all technical sessions, exhibits, and functions. The
appropriate badge is required for admittance and will be checked at the entrances of all activities. Everyone attending the
Conference, including speakers and exhibitors, is required to register. Advance registration pickup and on-site registration will
be conducted during the following hours:

Sunday, October 5 .......ccvesenruennne 1 p.m. to 6 p.m. Lobby Terrace
Monday, October 6 .......ccccceereeenenne 7 a.m. to 5 p.m. Centennial Foyer
Tuesday, October 7 .....ccoeieereerreenns 8 a.m. to 5 p.m. Centennial Foyer

Later registration will be available.

REGISTRATION FEE—The registration fee is $325. This includes the published program with abstracts, refreshments
breaks, opening reception on Sunday, October 5, and banquet on Thursday, October 9, and all other social functions. One-day
passes will be available for attendance at the presentation sessions and refreshments breaks for $150 per day. Students may
register for $100 with a valid student card (excludes banquet); spouses for $100 (social functions including banquet).

SESSION CHAIRS—Please meet briefly with the Organizing Committee on Monday, October 6 at 12 noon in Centennial
ABCD.

SHUTTLE BUS—The Hotel operates a complimentary shuttle from 7 a.m.-12 midnight to Vail Village and LionsHead for
general guest use. Shuttles operate on 20-minute intervals, depending on distance and weather conditions. Van transportation
from the Hotel to Denver International Airport is available from Colorado Mountain Express at Tel: 1-800-525-6363. When
making your reservation, mention the special group code “4th ISEG” and receive a discount.

SOCIAL FUNCTIONS
Opening Reception—Sunday, October 6, from 6:00-8:00 p.m. in the Cascade Ballroom.

Mixer (in conjunction with Posters)—Monday, October 7, from 5:30-7:00 p.m. in the Centennial Foyer.
Social Hour (in conjunction with Posters)—Thursday, October 9, from 5:30-6:30 p.m. in the Centennial Foyer.

Banquet—Thursday, October 9, from 6:30-8:30 p.m. in the Cascade Ballroom.
Please notify the Organizing Committee by Monday evening if you have any special food requirements for the banquet.

A presentation for guests on Vail Valley activities will be given by the Hotel concierge in the Lobby Terrace from 9:00-10:00

a.m., Monday, October 6. Recreation information will be available at the Conference Registration Desk Monday during the
lunch break and during the mixer.

vi
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FOOD SERVICE—Breakfast will be available between 6:30 and 8:00 a.m. in the Cascade Ballroom every morning. Lunch
will be served from 12:00 noon to 1:40 p.m. in the Cascade Ballroom. Refreshments will be served during the morning and
afternoon breaks in the Centennial Foyer, where the exhibits will be displayed.

MENU—(AIl prices include tax and gratuity)

Breakfast options October 6-10

A la Carte Quick breakfast

COMTRE vttt ettt et e et eassatesrt e s e e ssenaesasesnons $2.00
JUECE .ot e e e et e eeeeeeane s e e e eeesee e e et e e ene e eeaeeanens $2.00
BAZEL ..ottt $3.00
Muffin, Danish, Doughnut ...........c.cccoviiinininiiiencncerceeeeee, $2.00
Full Continental breakfast ...............ocooviiiiiiiiieie e $11.00

Coffee, juice, fresh fruit, cold cereals, breakfast breads, Danish, muffins, toast, hard breads, and international and domestic
cheeses.

Full Buffet Breakfast .......c.ccceoveiiirieienriieereeeicteeer e et eeeeeens $13.00
includes all of the above plus fluffy scrambled eggs, Colorado hash browns, sugar cured bacon or country sausage, and a
daily griddle item.

Lunch option Monday, October 6

Ttalian Pasta BUffet ........cccooovveiiiiiiriieieeeeeceec e $13.00
Two pastas, tomato basil and alfredo sauce, Caesar salad, garlic bread, Chef’s choice of Italian dessert, and iced tea.

Lunch option Tuesday, October 7

Executive Deli Buffet.........oooeiiiiiiieeeeeeeeeeeeeee e e $13.00
Assorted cold cuts, soup du jour, assorted cold salads, appropriate condiments, tossed salad with two dressings, breads,
brownies, and iced tea.

Lunch option Thursday, October 9
Mountain Grill Buffet

Grilled hamburgers and hot dogs, corn on the cob, cowboy beans, tossed salad, fresh lettuce and tomato, appropriate
condiments, fruit cobbler, and iced tea.

Lunch option Friday, October 10
Mexican Madness Buffet ............coooininiiieiiiiiee e $13.00

“Build-your-own-taco-station” with flour and corn tortillas, ground beef, shredded cheese, diced fresh tomatoes, onions,
peppers, sour cream, guacamole, etc., tossed salad, sugared churros, and iced tea.

vii
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MEETING AND BANQUET FACILITIES

ROCKY MOUNTAIN BALLROOM
First Level

RoomA RoomC

Room B | RoomD
| - ‘ :
| Ill LI 1

Rocky Mountain Foyer
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CONFERENCE CENTER
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Room F
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Access to
Conference Center
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Centennial Foyer from Main Hotel
Second Level
MAIN HOTEL
THEATERS MEETING SUITES
Second Level
Columbine
~ Suite
| Cascade
— Auditorium I
Theater C
e—1——— Executive C
p—— Screening Room
== Goldenrod
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CALENDAR OF EVENTS

SUNDAY, OCTOBER 5, 1997

9:00 a.m.- 5:00 P, ..oviiiiii e Global Baselines Meeting ...........ccccceveeveeeenne Centennial B

9:00 a.m.- 5:00 P.IN. ..ociiiiiiiie e SEGH Meeting .....c.cccoeceverveinenvvceneninn. Centennial C

9:00 a.m.- 5:00 P weoiviieiee e Acid Forming Materials Workshop ............cc....... Centennial E

1:00 pm.- 6:00 P oo Registration .........ccccovvevvmieccnirinnnanne. Lobby Terrace

1:00 pom.- 5:00 P e Geochemical Data Workshop ........cccccceceeeee Centennial F

3:00 p.m.- 5:30 P ceeieee s Poster (Sessions 1, 3, 5, 7, 8, 10) and Exhibit Setup........ Rocky Mountain Ballroom

and Centennial Foyer

6:00 p.m.- 8:00 P i Opening Reception........cccccecveueerrccrueennee Cascade Ballroom
MONDAY, OCTOBER 6, 1997

6:30 a.m.- 8:00 @M. .cccoiiiiiii e Breakfast on your own .......ccecereciinienens Cascade Ballroom

7:00 am.- 5:00 P oo Conference Registration ........c..cocoveveeeeennen. Centennial Foyer

7:00 a.m.- 5:00 . oo Speaker Ready Room.........cccooocvceccnnnnnenn Goldenrod

8:00 a.m.- 8:00 p.m. .cccociiiiiiiiiie Poster Session (1,3, 5,7, 8, 10) .ccoevevenrnnnnnnne. Rocky Mountain Ballroom

8:20 am.-10:00 am. ...ocooiiiic General Session .........ccvvverievenrerirenrinnen Centennial ABCD

9:00 a.m.-10:00 am. ..o Vail Valley activity presentation ..........c..cceeu.. Lobby Terrace

9:00 a.m.- 8:00 PN ceoiniiiiiee s EXhibits «.oocoreenvireeririeercereeerenceens Centennial Foyer

10:00 a.m.-10:20 @M. .oeceiiiiiiireceeee e Refreshment Break .......cccccceevvvvvreeenennne. Centennial Foyer

10:20 2.m.-12:00 NOON ..oeeeiriiiiiiiieie e Session 1-1to 1-4 ..o, Centennial ABCD

10:20 2.m.-12:00 NOON ...cveviiiiiiiciiceere e Session 2-1 10 2-4 ..o, Centennial EF

12:00 noon- 1:40 Pm. «c.ooceeiiiiniieciecrcceee e Lunch on your own ......coceevvvvermvevccnnees Cascade Ballroom

12:00 noon- 1:40 pm. .ccecoviiiiiiiiccceceeee e Tourist Information—Reg. Desk ....................... Registration Desk

12:00 NOON ..ttt Chairperson meeting ......c.coccoveeeercvcencenns Centennial ABCD

1:40 pomi- 3:20 Pl e Session 1-510 1-9 ..o, Centennial ABCD

1:40 pmi- 3:20 Pl oo Session 2-5t0 2-9 .o Centennial EF

3:20 - 3140 PNl e Refreshment Break ........ocoeeeeveneenencinnens Centennial Foyer

3:40 pm- STI0O P o Session 1-10t0 1-13 ... Centennial ABCD

3:40 pm- S:10 PN v Session 2-10t0 2-13 ....ooovviecievceeincenne Centennial EF

5:30 pmi- T:00 Pl i MIXET ccovvveirecrienirnerecee e Centennial Foyer

5:00 pomi- 6:30 Pan o Tourist Information ........cc.cccoiinieennne. Main Centennial Foyer

TUESDAY, OCTOBER 7, 1997

6:30 am.- 8:00 @M. ...ooociiiiiii e Breakfast on your OWn .........coveevvernveneennenne Cascade Ballroom
7:00 a.m.- 5:00 P .eociiiinii e Speaker Ready Room.......c.cceceivuinncnicnenee. Goldenrod

8:00 a.m.- S:00 P, coceii e Registration .........ccccceveeevvenrencrceenene Centennial Foyer
8:00 a.m.-10:00 a.m. ...ccovriviiiii e Session 3-1t0 36 .oovvviecireeieeeeee Centennial ABC
8:00 a.m.-10:00 am. .cooviiiiii e Session 4-1 10 4-6 ....oevreviinceiiniccnne Centennial D

8:00 am.- 5:30 P, oo Poster Session (1,3,5,7, 8, 10) ccccevvverveeenneeen. Rocky Mountain Ballroom
9:00 a.m.- 5:00 PN cooiiiiiiiie e Exhibits ....cccooveiiieiiiiiieecee Centennial Foyer
10:00 a.m.-10:20 .M. eooiiiiiiiicec e Refreshment Break .........cccoeeereeieevennnne. Centennial Foyer
10:20 a.m.-12:00 NOON .c.oovveeiriiiiriccnirecerccereaee Session 3-7 0 3-10 ..cocervecivcniiiieeceee Centennial ABC
10:20 a.m.-12:00 NOON ..coveiiiieiieieeeceee e Session 4-7 t0 4-10 ..cc.ooeereiieeeeene Centennial D
12:00 noon- 1:40 PN, ..oceeiiiiiiiiieeeceee e Lunch on your own .......cccooevveeiniccnane Cascade Ballroom
1:40 pomi- 3:20 Pl et Session 3-11 t0 3-15 ..o Centennial ABC
1:40 pomi- 3:20 P e Session 4-11 t04-15 ..ooeririiicecee Centennial D

3:20 pomi- 3:40 PNl et Refreshment Break .........cccocoovvininnnnnene Centennial Foyer
3:40 pomi- S:T0 PN e Session 3-16t0 3-19 ....oocviiviieee Centennial ABC
3:40 pm- S:10 P Lot Session 4-16t0 4-19 ...oovveiniiiiieiene Centennial D

5:30 pomi- 7:00 P oo SEGH Business Meeting .........cccooveeecnenene. Centennial E
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WEDNESDAY, OCTOBER 8, 1997

6:30 a.m.- 8:00 A, ..o Breakfast on your own .........cccececvecninnnann. Cascade Ballroom
Field Trips
3:00 a.m.-12:00 NOON ...ccovvvieieiieereene Poster Take Down (Sessions 1, 3, 5,7, 8, 10)............. Rocky Mountain Ballroom
9:00 a.m.- 5:00 Pt cooeveniiieicireee e Global Baseline Meeting .......c.ccoceevereecennnn. Centennial E
12:00 noon- 5:00 p.m. ..coeeviiiniciiiiinie e Poster Setup (Sessions 2,4, 6,9) .....ccccevrrenncne. Rocky Mountain Ballroom
1:00 p.m.- 5:00 pom. oo International Geoscience and......................... Centennial F
Health Working Group
THURSDAY, OCTOBER 9, 1997
6:30 a.m.- 8:00 2. oo Breakfast on your own .......c.cccoovieeieienean Cascade Ballroom
7:00 am.- 2:00 P i Speaker Ready Room.........ccccooevireennnnen. Goldenrod
8:00 a.m.- 5:30 P oo Poster Session (2,4,6,9) «oeovveeieiieiens Rocky Mountain Ballroom
8:00 a.m.-10:00 a.m. ...ooiiiii s Session 5-1 t0 5-6 .ooeeeeieierieereee Centennial ABC
8:00a.m.-10:00 2.1, ..ot Session 4-20 t0 4-25 ....o..ovoievereiereene Centennial D
9:00 a.M.- 6:30 PNl ceeovieriicctceee e EXhibits ..c.ooveeveeerireineiecceecenee Centennial Foyer
10:00 @.m.-10:20 @M. cooociriieiice e v Refreshment Break ........coceevveveneriinnnnene Centennial Foyer
10:20 a.m.-12:00 NOON ....coceeiriiiriiiiiricetereeeeee e Session 6-1 t0 6-4 ..o Centennial ABC
10:20 2.m.-12:00 NOON ...ccovvviiriicriirieeecencrcicreeneenene Session 8-1 10 8-4 ..c.c.ccovvvuiiivirnirnnen Centennial D
12:00 noon- 1:40 Pum. ..c.oovveeiiiiieccieeecereee e Lunch on your own ........cccccevvvcenerncnene Cascade Ballroom
1:40 pomi- 3:20 PNl it Session 6-5tp 6-9 ..o, Centennial ABC
1:40 pomi- 3:20 Punl. et e Session 8-5108-9 ... Centennial D
3:20 pomi- 3:40 PaInl. e Refreshment Break......cccooveininicnenccnene Centennial Foyer
3:40 p.mi- 5:10 Pl e Session 6-10t0 6-13 ..o Centennial ABC
3:40 p.m- SII0 P o Session 8-101t0 8-13 ..o Centennial D
5:30 prm- 6:30 PuIn. e AEG Business Meeting ........ccccocoveevneencnne. Cascade Ballroom
5:30 pmi- 6:30 Pl i e Social Hour ....cocooeeiveeiriicnneeee, Rocky Mountain Foyer
6:30 .- 8:30 PN e Banquet .......ccoceeeeiiicnininciicnecnne Centennial Ballroom

FRIDAY, OCTOBER 10, 1997

6:30 am.- 8:00 2. .o Breakfast on your own ... Cascade Ballroom
7:00 a.m.- 2:00 P coovieice e Speaker Ready Room........c.cccoeiiiennnene. Goldenrod
8:00a.m.-10:00 2.Mm. ...oceooviiiiieeeeee AEG Council Meeting ........cccccccceererrnnnene Lobby Terrace
8:002.m.-10:00 2.M. .o Session 5-7 0 5-12 .cccocevvceenieiiiieenee Centennial ABC
8:00a.m.-10:00 8.M. .cooeeiiiiiiiieeee e Session 7-1 t0 7-6 c..ooveeeveeeceecec, Centennial D

8:00 am.- 5:30 pm. coiiii s Poster Session & Take Down (2,4, 6,9)................. Rocky Mountain Ballroom
9:00 2.m.- 12:00 NOON ... EXhibits ..ccccocvvevieieceiieercnene Centennial Foyer
10:00 a.m.-10:20 2.M. ceoiiiiiicciccee e Refreshment Break ........cccoceveniniininnnne Main Centennial Foyer
10:20 a.m.-12:00 NOON ...oevviiiiiiereicrereeereeeee et ee e Session -1 10 9-5 ..o Centennial ABC

10:20 a.m.-12:00 NOON ..ceovimiiiiiriirerereee e Session 10-1t0 10-4 ..o, Centennial D

12:00 noon-12:30 P.In. ..covvviieeeercrcciee e e Closing General Session .........ccoccocecueevennene. Centennial ABCD
12:30 PaIl. ettt Lunch on your own .....c..ccccoevveeeenenene Cascade Ballroom
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WORKSHOPS—SUNDAY, OCTOBER 5

Acid-Forming Materials and Land Reclamation Centennial E
9:00 a.m. - 5: 00 p.m. Scott Fisher Fee: $75

River Bend Assoc.

The workshop will provide the participant with an overview of the importance and types of pre-disturbance planning proce-
dures. It will discuss methods of mitigation of acid forming materials (AFM) resulting from mining and related forms of drastic-
land disturbance. Emphasis during the program will be placed on the identification of AFM and its proper handling during the
mining operation. Integration of mining procedures with reclamation plans will be stressed. The limited potential for ecosystem
reclamation where AFM contamination has taken place is an important thesis that will be stressed throughout the program.

Elements of the course will include a broad introduction, a discussion of pyrite and related mineral formation, processes
associated with the weathering of pyrite, impact of acid plant growth media on land reclamation, and acid mine drainage. In
addition, topics to be discussed include the sampling and analytical characterization of earthen materials potentially containing
AFM, mitigation of terrestrial and aquatic impacts from AFM oxidation, and a review of several case studies involving AFM in the
western United States.

Workshop leaders and their topical areas of expertise include: Dr. Terry Brown, Western Research Institute , Laramie, WY
(analytical, mitigation, agronomy, and case studies); Margaret Condron, formerly with the Office of Surface Mining, Denver, CO
(analytical, planning, agronomy); Scott Fisher, River Bend Associates and Arid Lands Reclamation Newletter, Medicine Bow, WY
(planning, analytical, mitigation).

Collecting geochemical data for both exploration and environmental purposes Centennial E
1:00 p.m. - 5: 00 p.m. Richard K. Glanzman Fee: $50
CH2M Hill,

L. Graham Gloss,
Colorado School of Mines
and
Jeff Jaacks
BHP Minerals

Data collected and analyzed for exploration purposes can be even more cost-effective and useful when it is used for environ-
mental purposes. The seminar provides exploration and environmental professionals with the information to acquire more useful
data for both purposes and to fulfill regulatory agency requirements. A few relatively minor changes can make exploration data
not only more accurate and precise, it can also make the same data useful for environmental purposes. This approach can be
used during reconnaissance but is intended for use on properties under serious exploration scrutiny.

Topics addressed in this four hour seminar include: definition of sampling objectives, orientation/background surveys,
methods of efficiently collecting appropriate data of various media, sampling representativeness, background/baseline issues,
analytical considerations/requirements, commercial standards versus site-specific standards (preparation/usefulness), statistical
analysis, and risk/liability considerations. Exploration case histories illustrate the usefulness and advantages of this approach.

Decisions made based on the exploration data can be significantly improved. However, of considerably greater importance,
the data can significantly reduce the cost and improve the effectiveness of environmental considerations. These considerations
involve not only future environmental evaluation(s) but also provide data to support more effective design/evaluation of mine
waste disposal to control and minimize environmental concerns.

Xi
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FIELD TRIPS

David B. Smith, Coordinator
All trips start and end at the Vail Cascade Hotel & Club. Departure times will be announced and posted. If you have not
pre-registered for a trip, on-site registration may be possible; check at the Registration Area, Vail Cascade Hotel & Club. All
participants will be accepted on a first-come, first-served basis.

Clear Creek Watershed—Wednesday, October 8

Clear Creek extends from the Continental Divide near the Loveland Ski Area to the confluence with the South Platte River
in metro Denver. Waters in Clear Creek are impacted by abandoned mines and dumps within the Colorado Mineral Belt and by
industrial and municipal wastewater, stormwater and sewer overflows, and accidental leaks and spilis of toxic substances. To
deal with these pollution issues, Clear Creek has a nationally recognized, award-winning watershed initiative underway. The
field trip will capture both the substance of the initiative as well as the spirit of the effort. Major sources of pollution such as
mine drainages and tailings piles will be visited as well as major cleanup sites using both active and passive treatment facilities.
The fee is $70, which includes a box lunch.

Leadville, Colorado—Wednesday, October 8
The historic mining town of Leadville sits near one of the world’s largest polymetallic replacement deposits. Since the
discovery of gold in 1858, more than $5.4 billion (1989 prices) of gold, silver, lead, and zinc have been extracted from ores in
the Leadville mining district. This large-scale mining also extracted its toll on the environment. In 1983, the town was declared
an 18-square-mile (46.6-square kilometer) Superfund site by the U.S. Environmental Protection Agency as a result of concerns
for impacts to water quality and human heaith due to heavy metal contamination. This field trip will explore the mining history
and current remedial activities in and around Leadville. The fee is $55, which includes a box lunch.

Eagle Mine—Wednesday, October 8

The Eagie Mine is an inactive mining and milling facility located on the Eagle River between the towns of Redcliff and
Minturn. Silver-lead and gold-silver ores attracted miners to the area in the late 1870’s. Lead-zinc sulfide ore was encountered
in the 1890’s with mining of zinc ore continuing until the early 1980’s. The environmental impact of more than 100 years of
mining and milling operations on the Eagle River and adjacent areas was very evident and caused the U.S. Environmental
>rotection Agency to place the site on its Superfund list in 1986. Since that time a remedial action plan has provided for
flooding of the mine workings, consolidation of eight tailings piles into one, placement of a multi-layer clean soil cap over the
remaining consolidated pile, and construction of a water treatment plant. This field trip will provide an overview of the aban-
doned mine site, its environmental and public health impacts, and the ongoing remedial actions. The fee is $35. Anticipated
duration is about 3 hours—no lunch will be provided.

Climax Molybdenum Mine—Wednesday, October 8

The Climax Mine is the world’s largest molybdenum mine and rests atop the Continental Divide at an altitude of 11,300 ft.
(3,440 m). Atthe headwaters of three drainages, the Eagle and Arkansas Rivers and Tenmile Creek, Climax was staked in the
late 1800’s for gold before uses of molybdenum had been developed. Gold was never recovered at the Climax Mine, but
production of molybdenum began in 1918. The mine is currently not in production, but a small staff is conducting care and
maintenance with reclamation and water management being major activities. Capping of tailing impoundments, water develop-
ment, and revegetation activities take place in the short construction season afforded by this extreme climate. Climax receives an
average of 260 in. (660 cm.) of snow annually and manages water discharges in excess of 200 million gallons (757,000 cubic
meters) per day. This field trip will provide the opportunity to learn about the history, geologic setting, and current environmen-
tal activities at the mine. The fee is $55, which includes a box lunch.

Upper Animas Watershed—Friday through Sunday, October 10-12
The Upper Animas Watershed, in the heart of the rugged San Juan Mountains of southwest Colorado, has been seriously

impacted from metals in sediments and surface waters. The upper basin was heavily mined for gold, silver, and base metals over
the past 120 years and thousands of inactive mine sites remain. The Animas River Stakeholders Group has developed a collabo-
rative process (involving local, State, and Federal agencies, mine corporations, land owners, and citizens) for characterizing the
sources of metals-related contamination throughout the watershed. The inactive mine sites are being characterized, evaluated for
remediation potential, and prioritized for cleanup. The field trip will focus on the Silverton area, the last remaining mine town in
San Juan country. Sites will be visited that demonstrate the extent of the existing problems as well as those that reflect pre-

1ning conditions. Presentations will be given on the history, geology, and ecology of the basin and the numerous geochemical,
biological, and physical habitat studies underway. A number of sites that are undergoing remediation will be viewed. The fee is
$310, which includes 3 lunches and 2 nights lodging—double occupancy.

xii



US Geological Survey Open File Report No. OF97-496 4th InternationalSymposium on Environmental Geochemistry

ACKNOWLEDGMENTS

Sponsorship

The Organizing Committee would like to express their gratitude to the following companies, organizations, and professional
societies for their generous support of the 4th International Symposium on Environmental Geochemistry.

The United States Geological Survey (USGS) is the leading earth-science organization in the United States. Its mission,
since its creation in 1879, has been to investigate, analyze, and disseminate earth-science information needed to solve geological
and environmental problems, and to identify and assess resources. The USGS has a long tradition of providing accurate and
impartial information to all customers. The USGS conducts investigations and research in geology, geophysics, hydrology,
mapping, remote sensing, environmental hazards, environmental issues, and related disciplines. The USGS also conducts
mineral and energy resource assessment studies.

The Association of Exploration Geochemists (AEG) was founded in 1970 to provide an international forum for persons
working in the field of applied geochemistry. It is a professional, non-profit organization promoting interest in the application of
geochemistry to mineral and petroleum exploration, resource evaluation, environmental issues, and related fields around the
world. The AEG encourages membership and/or contributions from individuals or organizations working with or providing
geochemical data for a variety of uses including mineral exploration, analytical technology, computer processing, environmental
issues, agriculture, geobotany, biochemistry, and other applications. The AEG disseminates timely information on geochemistry
through its journal, the Journal of Geochemical Exploration and through its quarterly newsletter, EXPLORE.

The Society for Environmental Geochemistry and Health (SEGH) was founded in 1972 to provide a forum for scientists
from various disciplines (geology, biology, epidemiology, medicine, risk assessment, ecology, etc.) to study the relationship
between the geochemical environment and health and disease in plants, humans and animals. SEGH recognizes the importance of
this approach in opening the lines of communication between academia, industry and regulatory agencies. SEGH, through annual
conferences, our journal Environmental Geochemistry and Health, and Task Forces, provides our membership the opportunity to
address environmental geochemistry and health issues from their representative disciplines and, at times, conflicting points of view.

The International Association of Geochemistry and Cosmochemistry (IAGC) is affiliated with the International Union of
Geological Sciences and has been one of the preeminent international geochemical and cosmochemical organizations for over
twenty-five years. The principal objective is to foster cooperation in, and advancement of, geochemistry and cosmochemistry in
the broadest sense. This is achieved (1) by working with any interested group in planning symposia and other types of meetings
related to geochemistry and cosmochemistry; (2) by sponsoring publications in geochemistry and cosmochemistry of a type not
normally covered by existing organizations; and (3) through the activities of working groups which study problems that require,
or would benefit from, international cooperation.

The scientific thrust of IAGC takes place through its Working Groups (many of which organize regular symposia) and the
official journal APPLIED GEOCHEMISTRY. The interests of the Working Groups cover a wide spectrum of geochemical and
cosmochemical activities, including (1) geochemical prospecting; (2) water-rock interaction; (3) interaction between water and
living matter; (4) extraterrestrial geochemistry; (5) geochemistry of the earth surface; (6) geochemistry of isotopes; (7) thermody-
namics of natural processes; (8) cooperation in applied geochemistry-special training for the developing countries; (9) geochem-
istry of health and disease. Although partial financial support for the Working Groups comes from IAGC, most are self-sustain-
ing. Participants in the Working Groups may include geochemists who are not Individual Members of IAGC.
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Session Chairpersons

The 4th ISEG Organizing Committee thanks the session chairs named below for their contribution:
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Frank Manheim, Edeltrauda Helios-Rybicka, Joy Rae, and Martin Fey

Session 3: SEGH-Sponsored Session—Environmental Geochemistry and Health
Betsy Kagey, Iain Thornton, Brian Davies, and Ron Fuge

Session 4: Methods of Environmental Geochemical Monitoring, Modeling, and Mapping and
Use and Determination of Geochemical Baselines
Olle Selinus, Alina Kabata-Pendias, Jorg Matschullat, and Dave Smith

Session 5: Trace Substances, Ecosystems, and Bioavailability—A quatic/Atmosphere
Laurie Balistrieri, David Levy, John Gray, and Gianni Cortecci

Session 6: AGE-Sponsored Session—Environmental Geochemistry of Ore Deposits
Sherman Marsh, Eion Cameron, Robert Garrett, and Maurice Chaffee

Session 7: Environmental Analytical Techniques & Applications
Gwennyth Hall and James Crock

Session 8: Trace Substances, Ecosystems, and Bioavailability—Terrestrial
William Orem, Irina Stangeeva, Harald Piichelt, and Rama Kotra

Session 9: Remediation of Mining-Related Disturbances
Harry Posey and Suresh Kumar
Session 10: Natural and Man-Made Radiogenic Hazards

Rich Wanty and John Glendinning
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GUEST SPEAKERS

P. Patrick Leahy, Chief Geologist
U.S. Geological Survey
Reston, Virginia

Dr. P, Patrick Leahy was named Chief Geologist of the Geologic Division of the U.S. Geological Survey in 1995. He has been
with the U.S. Geological Survey since 1974, having served in various technical and managerial positions, including Chief of the
National Water-Quality Assessment Program.

Dr. Leahy was born in Troy, New York, in 1947. He holds undergraduate and graduate degrees in geology (1968) and geophys-
ics (1970) from Boston College. He received his doctorate in geology (1979) from Rensselaer Polytechnic Institute where he
specialized in regional ground water studies and hydraulics.

Dr. Leahy is a Fellow in the Geological Society of America and is a member of the American Geophysical Union and the
American Institute of Hydrology. He has received many awards and is active in numerous professional organizations. Currently
he is President of the International Association of Hydrogeologists.

Linda C. Gundersen

U.S. Geological Survey
Mineral Resources Program
Reston, Virginia

For the last 18 years, Linda Gundersen has worked as a geologist with the US Geological Survey. She is Coordinator of the Mineral
Resources Program which is a $58 million domestic program with a staff of 440 people and a $12 million international mission in
Saudi Arabia. She started with the USGS as a field assistant working on diverse projects in sedimentology, stratigraphy, and
economic geology. She spent 12 years conducting research and heading projects in the field of radionuclides—from determining
the origin of hard rock uranium deposits to studying radon, uranium, and radium in soil, rocks, and water, and eventually assessing
the geologic radon potential of the United States. In 1995, she took a temporary assignment as Coordinator of the Energy Program
and in 1996 became the Coordinator of the Minerals Program—overseeing a major reorganization. Currently she also serves ona
National Academy of Sciences Committee on Risk Assessment of Exposure to Radon in Drinking Water and on the Steering
Committee of the [IUGS-UNESCO Deposit Modeling Program. Her academic background includes undergraduate and graduate
work in structural geology and geochemistry at the State University of New York at Stony Brook and at the University of Colorado
in Boulder.

Alina Kabata-Pendias
Trace Element Laboratory
Pulawy, Poland

Professor Kabata-Pendias is Professor of Soil Chemistry and head of the Trace Element Laboratory of the Institute of Soil
Science and Plant Cultivation in Pulawy, Poland, where she has worked for over 30 years. She is an author of more than a
hundred publications on the occurrence of trace elements in natural and contaminated environments including the much-ac-
claimed book “Trace Elements in Soils and Plants” (CRC Press). Professor Kabata-Pendias also works in the Geological
Institute in Warsaw on the mobility of trace elements and on the alteration of minerals in weathered zones of various geological
formations. She has been involved in analytical and methodological studies on trace elements and clay minerals. Dr. Kabata-
Pendias continues to be very active in numerous scientific societies as both councilor and committee member.

Thomas J. Noel

Banquet Speaker

University of Colorado at Denver
Denver, CO

Dr. Noel is a professor of history at the University of Colorado, Denver who specializes in Colorado history. He has authored
over 60 publications including articles, books, reviews, and television scripts. He has won numerous awards for both his writing
and his teaching. He is a recognized expert on the mining camps and “Old West” flavor of Colorado. He is active in many
professional associations many of which are dedicated to the preservation of the architecture and culture of historical Colorado.
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EXHIBITORS

Paul Lamothe, Coordinator

The 4th International Symposium on Environmental Geochemistry thanks vendors for providing an opportunity to see

and discuss their products and services. The following exhibitors will be in attendance:

XVi
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ACZ Laboratories, Inc.

Canadian Certified Reference
Materials Project

Crystals Unlimited

Quanterra Enviromental Services, Inc.

Shepherd Miller, Inc.

U.S. Geological Survey

AEG

University of Cape Town
Department of Geological Sciences
Rondebosch, South Africa 7700

30400 Downbhill Drive
Steamboat Springs, CO 80487
(800) 334-5493

555 Booth Street
Ottawa, Ontario, Canada
K1A 0G1

(613) 992-1055

P.O. Box 5054
Golden, CO 80401
(303) 278-1218

4955 Yarrow Street
Arvada, CO 80002
(303) 421-6611

3801 Automation Way
Fort Collins, CO 80525
(970) 223-9600

Mineral Resources Program

12201 Sunrise Valley Dr., MS-913
Reston, VA 20192

(703) 648-6620

P.O. Box 26099

72 Robertson Road
Nepean, ON K2H 9RO
Canada
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4th International Symposium On Environmental Geochemistry — PROGRAM

SENIOR AUTHOR TITLE COUNTRY P/O* Oral: Poster
Session-  Dates

* tid

SPECIAL SESSION—Guest Speakers

Leahy P. Patrick (USGS Chief Geologist, Reston, VA—INVITED) The role of

environmental geochemistry in the U.S. Geological Survey USA 0
Gundersen  Linda C. (USGS Mineral Resources Program, Reston, VA—INVITED)

Environmental geochemistry—a vital component of the U.S.

Geological Survey Mineral Resources Program. USA 0
Kabata-PendiasAlina (Trace Element Laboratory, Pulawy, Poland—INVITED) Soil

parameters as a basis for the assessment of trace metal pollution  POLAND 0

Session 1. Mine Drainage Formation and Geochemistry
Session Chairs: Kathleen Smith and Jenny Webster (a.m.); Donald Runnells and Willard Chappell (p.m.)

Smith Kathleen S. Geochemical characterization of a fluvial tailings deposit along the

Arkansas River, Colorado, USA USA 0 1-1
Balistrieri Laurie S. A comparison of the geochemistry of water draining from adits and

tailings piles in the Coeur d'Alene mining district—information for

the geoenvironmental component of mineral deposit models USA 0] 1-2
Kelley Karen D. Natural acid drainage associated with shale-hosted Ag-Pb-Zn

massive sulfide deposits in the Brooks Range, northern Alaska, USA USA 0 1-3
Overly Bryan M.  Variations in chemical and bacterial species of acid mine drainage

affecting the Snow Fork drainage basin, Ohio—

the Esco #40 underground mine USA 0 1-4
Pearce Nicholas J.G.  Behavior of heavy metals and REE in acid mine drainage—

implications for the behavior of transuranic metals WALES UK o 1-5
Evangelou V. P. Influence of bicarbonate on pyrite oxidation USA o 1-6
Webster Jenny G. Trace metal adsorption onto schwertmannite (iron

oxyhydroxysulfate) in acid mine drainage systems ) N.ZEALAND O 1-7
stanton Mark R. Mineral crusts or microbial mats? Alteration of surficial mine

tailings in the Leadville District, Colorado USA 0 1-8
Hammarstrom Jane M. Formation of gossan and oxidation of sulfide ores as analogs

of oxidation of tailings piles USA 0 1-9
Odor L. Mobilization and attenuation of metals downstream of a base-

metal mining site in the Matra Mountains, northeastern Hungary USA 0 1-10
Lind C. J. In-situ alteration of minerals by acidic ground water resulting

from mining activities USA 0 1-1
Church Stanley Geochemical and lead-isotopic studies of the environmental

effect of mining at Summitville, Colorado USA 0 1-12
Fricke James Biotreatment of metal mine waste waters—case histories USA 0
Amacher M. C.  Reactions and transport of copper in headwater streams receiving

acid rock drainage USA P S-W-1
Bliss Linda N Buffering of acid rock drainage by silicate minerals USA P S-W-2
Gray Floyd Source chemistry and characteristics of intermittent stream waters

having low pH and elevated metal concentrations,

Patagonia Mountains, Arizona USA P S-W-3
Halbich Torsten Biogeochemistry of acid drainage from coal mining

operations in the Witbank area S. AFRICA P S-W-4
Lanyon Ruth Dispersal of arsenic by gold mining near Barberton, South Africa ~ S. AFRICA P S-W-5
Kempton J. H. Moisture and salinity limits on pyrite oxidation in semi-arid climates USA P S-W-6
Lee Gregory K. Geoenvironmental assessment of Montana—potential for acidic,

metal-rich drainage USA P S-W-7
Miller Rebecca A. Geochemistry and water quality prediction for skarn deposits

in the New World Mining District P S-W-8
Pride Douglas E. Identification and characterization of mine effluent in streams of the

Colorado mineral belt—the Snake River, Montezuma mining district USA P S-W-9
Ratsep Aavo The influence of mine-drainage formation on the geochemical and

hydrogeological state of the environment in Estonia ESTONIA P S-W-10
Ridley William 1. An integrated environmental geosciences project in the Santa Cruz

River drainage basin, southern Arizona USA P S-W-11

*Presentation type (O=oral; see program matrix for session number, date, and time. P=poster; see program matrix for session dates)
**Poster presentation times (S-W=Sunday - Wednesday; W-F=Wednesday - Friday)
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Session 2. Geochemistry of Fresh Water & Marine Environments
Session Chairs: Frank Manheim and Edeltrauda Helios Rybicka (a.m.); Joy Rae and Martin Fey (p.m.)

Geology and geochemistry of water and stream-sediment samples
of the upper Pecos River Wilderness area, eastern New Mexico
Lead and zinc contamination of sediments in Zoar Vlei,

Cape Peninsula, South Africa

Towards a contaminant model for Port Jackson—Sydney’s

main estuary

Metal fluxes and accumulation in lakes of Latvia

Hydrological explanation of the heavy metals concentration in
the Wyszogrod Island, Vistula River, Plock, Poland
Hydrogeochemical controls on trace element release from the
Penn Mine base metal slag dump, Calaveras County, California—
linking field, laboratory, and geochemical modeling studies
Mapping chemical contaminants in estuarine and coastal marine
sediments—new approaches to validating and using historical data
Metal release and recolonization characteristics of tailings in a
marine environment—a laboratory study and site demonstration
A geochemical investigation of the water and sediments of
Barber's Pan, North West Province

The application of the equilibrium partitioning method in surficial
sediments near a deepwater ocean outfalt off Malabar,

Sydney, Australia

Temporal variation in the concentrations and speciation of metals
in Peru Creek, Summit County, Colorado

Lacustrine records of heavy metal pollution—problems of dating
Contaminant dynamics in Port Jackson Estuary, Sydney, Australia
Metals in an estuarine system—sources and sinks

The determination of heavy metal fractions in estuarine sediments
Pollution of Czech freshwaters by trace elements

Impact of the Pb-Zn industry on the contamination of the
Przemsza River, Upper Silesia, Poland

Heavy metal contamination in dusts and stream sediments,
Taejon area, Korea

Unique ground water (karst) monitoring system as an important
tool of drinking water protection in Austria

Distribution of trace and major elements in surface sediments
from Coatzacoalcos River, Mexico

Low-water sediment in rivers of Belarus—origin, mineratogical
and geochemical composition, potential for use in

environmental assessments

Some approaches to the biogeochemical study of

contaminated river ecosystems

Lead isotope anomalies in Maar Lake sediments—

indications of extensive lead mining in the Northwestern Eifet
{(Germany) during the time of the Roman Empire

Monitoring marine pollution and determining paleoclimate:

the application of laser ablation ICP-MS studies to

marine bivalve molluscs

Heavy metals as indicators of anthropogenic pollution of

bottom sediments in Neva Bay

Modern shallow-water Fe-Mn concretions as an indicator of

the contamination of marine environments—a new type of
environmental geochemical monitoring
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Session 3. SEGH-Sponsored Session — Environmental Geochemistry and Health
Session Chairs: Betsy Kagey and Iain Thornton (a.m.); Ron Fuge and Larry Gough (p.m.)

Woodling John D. Recovery of brown trout (Salmo trutta) and brook trout
(Salvelinus fontinalis) populations in the Eagle River, Colorado,

USA during and following CERCLA recovery actions USA o) 3-1
Farago Margaret E. Exposure to platinum from vehicle catalytic converters and

possible health implications ENGLAND, UK O 3-2
Gauthier E. Relationship between Alzheimer’s disease and aluminum

speciation in drinking water—a case-control study in

Saguenay-Lac-St-Jean, Quebec (IMAGE Project) CANADA 0 33
Schaefer Joerg Emissions of platinum-group elements (PGE) from automobile

catalytic converters in soils along highways GERMANY 0 3-4
Thornton lain Risk assessment related to metals—the role of the geochemist ENGLAND, UK O 3-5
Kolker Allan Geochemistry of coals causing arsenism in Southwest China USA 0 3-6
McCaffrey Lewis P. Distribution and origin of fluoride in rural drinking water supplies

in the western Bushveld area of South Africa S. AFRICA 0 37
Rae Joy E. Pesticide adsorption onto aquifer sediments ENGLANDUK O 3-8
Gulson Brian L. Mobilization of lead from maternal skeleton during pregnancy AUSTRALA O 39
Hunt A. Source attribution of lead particles in pre- and post-lead paint

abatement interior dusts USA 0 3-10
Smith Barry Geochemical factors controlling infantile exposure to cerium

and its implications to the aetiology of of Endomyocardial

Fibrosis in Uganda ENGLANDUK O 3-11
Kavanagh P. J. Arsenic exposure in southwest England, UK—

significance for human health ENGLAND UK O 3-12
Hoogewerff  Jurian Use of archaeological bone in present-day baseline

human exposure studies NETHERLANDSO 313
Li Xiangdong Concentration and chemical partitioning of heavy metals in

road dusts and urban soils in Hong Kong HONG KONG O 3-14
Wang Yong Exposure of children to lead in the home environment—

a comparative study in Shanghai and Birmingham ENGLANDUK O 3-15
Zhang Fuquing Lead in the environment, China PR CHINA 0 3-16
Jooley Justin Soil chemical patterns possibly linked to Mseleni Joint

Disease among rural inhabitants in northern

Kwazulu-Natal, South Africa S. AFRICA 0 3-17
Heinrichs Gerold Natural arsenic in Triassic sediments as source of drinking

water contamination in Bavaria, Germany GERMANY 0 3-18
Li Shan-Fang The application of regional geochemical data in

environmental studies PR CHINA 0 3-19
Malkhazova  S. M. Methods of monitoring environmental health RUSSIA P S-W-12
Pearce Nicholas J.G. Vehicle related emissions of heavy metals and platinum group

elements in the urban environment—examples WALES UK P S-W-13
Hutchinson  E. J. Changes in urban geochemistry in Nottingham and

Birmingham between 1982 and 1997 ENGLANDUK P S-W-14
Bieniulis Carol Evaluation of baseline sails geochemistry in support of

environmental health studies in the Rocky Mountain Region USA P S-W-15
Cameron Eion M. Recent (1930's) natural acidification and fish kill in a lake that was an

important food source to the population of Akulivik, northern Quebec CANADA P S-W-16
Cunha F. G.  The application of geochemical data to environmental concerns

in the Minas Gerais State, Brazil BRAZIL P S-W-17
Martin Lori M. Allozyme variation upstream and downstream of metal contaminants

in the brown trout (Salmo trutta) and caddis fly

(Arctopsyche grandis) in Clear Creek, Colorado, USA USA P S-W-18
Zhang Licheng Environmental geochemical features in the coal mine areas in China PR CHINA P S-W-19
Fordyce F. M. Geochemistry and human selenium imbalances in China ENGLAND, UK P S-W-20
De Lima Edmilson  S. Trace-element contamination in the environment of Recife

metropolitan area, Perambuco, Brazil BRAZIL P S-W-21
Kralik Martin Fine dust (PM10) composition in a major city—mineralogy,

lead-isotope and PAH-composition in Vienna AUSTRIA P S-W-22
Bashkin Vladimir  N. Biogeochemical heavy metal regionalization and human

risk assessment RUSSIA P S-W-23
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Wang Yanxin Remediation of high fluoride groundwaters from arid regions using

heat-treated soils: a column experiment study in Xinzhou, China PR CHINA P S-W-24
Hoogewerff  Jurian Quantification of environmental exposure vectors by

geochemical methods NETHERLANDSP S-W-25
Tristan E. Application of exposure assessment models to Shipham, Somerset,

UK—an area with soil contaminated by lead and cadmium ENGLAND, UK P S-W-26

Session 4. Methods of Environmental Geochemical Monitoring, Modeling, and Mapping and
Use and Determination of Geochemical Baselines
Session Chairs: Olle Selinus and Alina Kabata-Pendias (a.m.); Jorg Matschullat and Dave Smith (p.m.)

Talbot D. K. A comparison of field and laboratory analytical methods of radon-

potential mapping in areas with and without glacial drift coverage ENGLAND UK O 4-1
Chaffee Maurice  A. Discriminating between natural and anthropogenic anomalies in

the surficial environment in Yellowstone National Park, Idaho,

Montana, and Wyoming USA 0 4-2
Ander E. L. Temporal variability in the geochemistry of waters from

abandoned coal mines, County Durham, United Kingdom ENGLANDUK O 4-3
Swennen Rudy Unravelling the degree and the history of environmental poliution

based on the evaluation of vertical geochemical profiles in

overbank sediments BELGIUM 0 4-4
Selinus Olle Integrating GIS and multivariate statistics in environmental

geochemistry SWEDEN 0 4-5
Wang Bronwen Trace Elements in the Kuskokwim River, Alaska USA 0 4-6
Van Tienhoven Mieke Baseline survey of air poilution impacts on soil and water quality

in Mpumalanga Province, South Africa S.AFRICA (0] 4-7
Hudson-EdwardsKaren A The use of Holocene floodplain sedimentary sequences

for geochemical mapping ENGLANDUK O 4-8
Russ Jon A new paleoclimate indicator based on AMS C dates of biogenic

whewellite USA 0 4-9
Posey Harry Establishing pre-disturbance water quality standards in areas of

natural acid-metal contamination, upper Alamosa River,

southern Colorado USA 0 4-10
Caron Francois A large-scale laboratory experiment to determine the mass

transfer of CO:from a sandy soil to moving ground water CANADA 0 4-11
Dodds Heather A Classifying and mapping the sensitivity of South African

highveld soils to acidification S. AFRICA 0 4-12
Matschuilat  Jorg Crustose lichens—capable of monitoring the atmospheric

deposition of trace elements and organohalogens? GERMANY (0] 413
Zielinski Robert A Uranium and uranium isotopes as tracers of nutrient addition—

a case study in south Florida USA 0 4-14
Reimann C. The “Kola Ecogeochemistry” Project NORWAY 0 4-15
Runnells D. D. Determination of natural background concentrations of dissolved

components in water at mining, milling, and smelting sites USA 0 4-16
McMartin I Distribution of trace metals in soils near the base metal smelter

at Flin Flon, Manitoba—natural and anthropogenic enrichments

from a remote single point source area CANADA (0] 4-17
de Bruin D. Environmental applications of the regional geochemical mapping

of soils and stream sediments in South Africa S.AFRICA 0 4-18
Seal, Il Robert R. Stable isotope characteristics of waters draining massive sulfide

deposits in the eastern United States USA (¢} 4-19
Smith Barry High resolution baseline mapping of hydrochemical processes

and their correlation with geochemical anomalies and anthropogenic

activities—Wales and Welsh borders ENGLANDUK O 4-20
Wawrzynski  Alecia L. The utilization of high spectral resolution imagery and field

spectra for the detection and monitoring of mining sites USA 0 4-21
Magnuszewski Artur Ground truth versus a GIS model—the ground water quality of the

Vistula River floodplain near the city of Plock, Poland POLAND 0 4-22
Hirner A V. Testing contaminant mobility in soils and waste materials GERMANY 0 4-23
Tarvainen Timo Delineating risk areas of contaminated ground water using )

geochemical databases FINLAND 0] 4-24
Holmes Charles Ecological changes in Florida Bay—can we tell when it happened? USA 0 4-25
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Birke Manfred Environmental geochemistry in the surroundings of the central

waste deposit of Berlin GERMANY P W-F-14
Matschullat  Jérg What is backgound? A statistical approach, introduced with data

for the Baltic Sea GERMANY P W-F-15
Lin Zhixun Investigation of the environmental impact from industry wastes

deposited in an urban area of Falun, Sweden SWEDEN P W-F-16
McNeal James M.  The spatial reliablity of geochemical maps USA P W-F-17
Bonham-Carter G. F. Mass-balance study of the Flin Flon smelter emissions—

calculations on metals in humus in the Flin Flon-Snow Lake region,

Manitoba and Saskatchewan CANADA P W-F-18
De Vivo Benedetto Environmental geochemical mapping in Sardinia, ltaly ITALY P W-F-19
Fuge Ron Temporal and spatial variations in the chemistry of ochres derived

from an abandoned metalliferous mine WALES UK P W-F-20
Havis Robert N. Leaching of contaminants from an aggregate USA P W-F-21
Jerz Jeanette K. Laboratory leaching behavior of an Arkansas River fluvial tailings

deposit, Leadville, Colorado USA P W-F-22
Jordan David L. Geochemical transport modeling of mine tailings pore water USA P W-F-23
Kapinus Evgeny | Environmental monitoring of geochemical changes in ash-dumps

and silage-heaps UKRAINE P W-F-24
Komov Igor L. Environmental geochemical mapping in the Ukraine UKRAINE P W-F-25
Locke W. W. Comparison of the measured and modeled geochemical

composition of a Nevada pit lake USA P W-F-26
Luukkonen A Regression methods in bedrock groundwater composition

estimation from hydrogeological parameters FINLAND P W-F-27
Mukherjee P. K. Heavy metal distribution and environmental status of

Doon Valley soils, Uttar Pradesh, India INDIA P W-F-28
Niskavaara  Heikki The use of two leaches in environmental geochemical mapping

to assess the concentration and mobilities of elements in soils FINLAND P W-F-29
Reimann C. A geochemical atlas of the central parts of the Barents region NORWAY P W-F-30
Roulier Leanne M.  Asurvey and analyses of the oxygen and carbon isotope

composition of selected shells from core tops at five locations

in Florida Bay USA P W-F-31
Shakhverdov V. Principles of landscape geochemical map composition and

landscape geochemical zonality of the Aral Sea rim RUSSIA P W-F-32
Staines Russell Small scale spatial relationships between geology, stream water

chemistry and stream sediment chemistry in smalf

upland catchments ENGLANDUK P W-F-33
Talbot D. K. Radiometric risk mapping using existing geoscience datasets ENGLANDUK P W-F-34
Turner David R. Perched water zones in arid environments—geochemical constraints

on hydrological modeling for high-level radioactive waste disposal USA P W-F-35
Birke Manfred Geochemical mapping in the new Federal States of Germany GERMANY P W-F-36
Wen Dongguang Possibilty of geological disposal of CO-—results from

geochemical modeling PR CHINA P W-F-37

Session 5. Trace Substances, Ecosystems, and Bioavailability — aquatic/atmosphere
Session Chairs: Laurie Balistrieri and David Levy (Thursday a.m.); John Gray and Gianni Cortecci (Friday a.m.)

Gray David J. Acid/saline ground waters in the southern Yilgarn Craton,

western Australia AUSTRALIA O 51
Varsanyi Iren Contamination of ground water in a varying hydrogeochemical

environment, southeast Hungary HUNGARY 0 5-2
Bourg Alain C.M. Solubility of heavy metals in relation to the geological context—

a theoretical approach FRANCE 0 5-3
Edwards Robert J. The development of a biological toxicity based test for water quality ENGLAND, UK O 5-4
Rasmussen  Pat E. Emissions of mercury to the atmosphere—natural sources

and pathways CANADA o) 5-5
Dinelli Enrico Isotopic and chemical compositions of rain and snow

precipitation at Bologna, ltaly ITALY 0] 5-6
Lee Jin-Soo Dispersion and enrichment of potentially toxic elements in areas

underlain by black shales and slates in Korea KOREA o) 57
Levy David B. Geochemistry of arsenic and fluorine in shallow ground water—

eastern Owens Lake, California USA 0] 5-8

omagalski  Joseph L. Mercury occurrence, transport, and speciation in the
Sacramento River Basin, California USA 0 5-9
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Fannin Craig A study of the rare earth elements in aqueous carbonate and

chloride systems ENGLAND, UK O 5-10
Montoroi J. P. Aluminum and iron mobility in an acid sulfate environment and

consequences for the local population—the case of the Lower

Casamance (Senegal) FRANCE 0] 5-1
Gurrieri J. T. Distribution of metals and effects on aquatic biota in the upper

Stillwater River Basin, Montana USA 0 5-12
Bourg Alain C.M. Migration of heavy metals away from landfills in leachate—

observations at the near- and far-field scale FRANCE P S-w-27
Bezuidenhout Nico Chemical and mineralogical changes associated with leachate

production at Kriel power station ash dam,

Mpumalanga, South Africa S. AFRICA P S-W-28
Harck Terry Denitrification of nitrate-rich ground water entering Verlorenviei

Lake on the west coast of South Africa S. AFRICA P S-W-29
Gray John E. Environmental geochemistry and mercury speciation of abandoned

mercury mines in southwestern Alaska USA P S-W-30
Hall G. E.M. Preservation of arsenic species in natural waters CANADA P S-W-31
Kedziorek Monika  A.M. Solubilization of heavy metals (Cd, Ni, Pb) during the percolation

of the chelating agent EDTA through polluted soils and sediments ~ FRANCE P S-W-32
Magiera Tadeusz The connection of some heavy metals with the magnetic phase

of fly ash from two Polish thermal power plants POLAND P S-W-33
Tagutschi Yuhsaku Ground water flow system estimated by water quality JAPAN P S-W-34
Finch Steven T Identification of arsenic-rich ground water using geochemical

signatures and geophysical log analysis, Albuquerque, New Mexico USA P S-W-35
Yao Huan Environmental and hydrogeological problems caused by over

exploitation of geothermal ground water in coastal cities of

south-eastern China—a case study in Fuzhou Basin PR CHINA P S-W-36
Guerin Marianne Application of a three dimensional coupled transport and

equilibrium chemistry model to the fate and transport of

contaminants in the Konigstein Uranium Mine AUSTRALIA P S-W-37
Guerin Marianne Coupling three dimensional transport with geochemistry—

MT3D and PHREEQE AUSTRALIA P S-W-38

Session 6. AGE-Sponsored Session — Environmental Geochemistry of Ore Deposits
Session Chair: Sherman Marsh and Eion Cameron (a.m.); Robert Garrett and Maurice Chaffee (p.m.)

Loukola-Ruskeeniemi Kirsti Natural analogue for bedrock pollution—environmental impact of

Ni-Cu-Zn-rich black shales at Talvivaara, Finland FINLAND o 6-1
Berner Zsolt Manifold heavy metal and As contamination by a German

Zn-Pb deposit with a two thousand year-old mining history GERMANY 0 6-2
Rytuba James J. Environmental geochemistry of mercury deposits in the

Coast Range mercury belt, California USA 0 6-3
Steele Kenneth F. Comparison of ground water chemistry from the carbonate

platform region of the Ozark Mountains, USA USA 0 6-4
Kiassen Rodney  A. The effects of glacial dispersal and global processes on till

geochemistry, Labrador, Canada CANADA 0 6-5
Ashley Roger P. Environmental geochemistry of gold deposits in the

Mother Lode Belt, California USA 0 6-6
Prieto Gloria R.  Geochemistry of heavy metals derived from gold sulfide

minerals, Marmato District, Columbia COLUMBIA 0 6-7
Fuge Ron The behavior of Cd and Hg during weathering of sphalerite—

environmental implications WALES UK 0 6-8
Atkins David A Measurement and simulation of pyrite oxidation in the blasted

rock of an open-pit mine USA 0 6-9
Klusman Ronald ~ W.  Measurement of gas exchange processes between soils and the

atmosphere and applications in environmental and

exploration geochemistry USA 0 6-10
Gray John E. Environmental studies of mineral deposits in Alaska USA 0 6-11
Eary L. E. Effects of evapo-concentration on water quality in mine pit lakes ~ USA o 6-12
Glasser Walter Environmental impacts of lignite open-cast mining areas in

eastern Germany GERMANY 0] 6-13
Brandvold Lynn A study of the analytical variation of sampling and analysis of

stream-sediments from mining and milling contaminated areas USA P W-F-38
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Dalvemy Louis E. Application of mine fire diagnostics USA P W-F-39
Leybourne Matthew 1. Variable geochemical responses to water-rock interactions at
two undisturbed Zn-Pb massive sulphide deposits,
Bathurst Mining Camp, N.B., Canada CANADA P W-F-40
OPEN P W-F-41
Hirner A V. Organometaloid species in geochemical exploration—
preliminary qualitative results GERMANY P W-F-42
Klassen Rodney A A comparison of regional geochemical surveys of till and lake
sediment, Labrador, Canada CANADA P W-F-43
Kovalevskii  Alexander L. Ecological-biogeochemical status of the Baikal region RUSSIA P W-F-44
Kovalevskii  Alexander L. Ore fields, deposits and zones of deep faults as probable
geopathogenic biogeochemical provinces and belts RUSSIA P W-F-45
McCartan Lucy Lithogeochemical map of the Chesapeake Bay watershed—an
example of usable repackaging of traditional geologic information ~ USA P W-F-46
Session 7. Environmental Analytical Techniques & Applications
(Session Chairs: Gwennyth Hall and James Crock)
Ingram Jani C.  Contaminant detection in soils using static SIMS USA 0 7-1
Taylor Howard E. The use of sedimentation field flow fractionation-inductively
coupled plasma mass spectrometry for the chemicat
characterization of suspended particulate matter in
environmental hydrologic systems USA 0 7-2
Glanzman Richard K. Multimedia environmental geochemical mapping using fietd
portable x-ray fluorescence USA 0 7-3
Helios Rybicka E. Direct methods used for the identification of the heavy metal forms POLAND 0 7-4
Leinz Reinhard W.  NEOCHIM—an electrogeochemical method for environmentat
applications USA 0 75
Matschullat  Jérg Solid phase AAS—a new old technique: first results with
environmental material GERMANY 0 7-6
Krager Gero Multistage reflectance spectroscopic analyses of central German
lignite overburden dumps (first results) GERMANY P S-W-39
Ping Ren Determination of lead in environmental matrices by hydride
generation atomic fluorescence spectrometry (HGAFS) PR CHINA P S-W-40
Viman Vasile Atomic emission spectrometry-inductively coupled plasma used
in the analysis of pollutants from a non-ferrous extraction
and processing facility ROMANIA P S-W-41
Session 8. Trace Substances, Ecosystems, and Bioavailability — terrestrial
(Session Chairs: William Orem and Irina Stangeeva (a.m.); Harald Piichelt and Rama Kotra (p.m.)
Fuge Ron Platinum group elements in road-side dust WALES UK 0 8-1
Van der Sluys Jan Geochemistry of overbank sediments in Belgium and Luxembourg—
a way to assess environmental pollution BELGIUM 0 8-2
Makino T. The investigation of the redox reactions and adsorption of chromium
in soils JAPAN 0 8-3
Asami Teruo Pollution of sediments, soils, and plants by thallium JAPAN 0 8-4
Garrett Robert G.  Some methods for estimating phytoavailable cadmium in prairie soilsCANADA o) 8-5
Raisanen Marja L. The response of the interlayering of clay minerals to the mobility
of Al in acidified podzols FINLAND 0] 8-6
Mielke Howard W. Soil Pb, Zn, and Cd in metropolitan New Orleans—their
geochemical characterization and association USA 0] 8-7
Dinelti Enrico Plant-soil relationships in the serpentinite screes of Mt. Prinzera,
northern Apennines, italy ITALY 0} 8-8
Orem William  H. The biogeochemistry of sufur in the freshwater Florida
everglades—sources, cycling, and relation to mercury methylation USA 0 8-9
Harrison Wendy J. Acid buffering capacity and metals mobility in acid-impacted
agricultural soils, San Luis Valiey, Colorado USA 0] 8-10
Pichelt Harald Uptake of trace elements by plants from soils contaminated by
mining activities in southwest Germany and north-central Mexico ~ GERMANY 0] 8-11
Hall G. EM. Compatibility of data derived from different selective extraction
schemes CANADA 0] 8-12
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Govil P. K. Effect of industrial effluents on trace element mobility in soil INDIA 0 8-13
Ayras Matti Distribution of sulphur and heavy metals in podzolized tills

in northern Finland FINLAND P S-W-42
Bailey E. A Mercury speciation in soils and vegetation, southwest Alaska USA P S-W-43
Bondar Galina S. Assessment of suitability of some disturbed land for herb cultivation UKRAINE P S-W-44
Carranza-Edwards Arturo Textural analysis and its importance as an indicator of energy levels

in environmental geochemistry MEXICO P S-W-45
Evans, Jr. Andrew Biodegradation of ™C iabeled organic acids and organo-metal

complexes in soil USA P S-W-46
Nicholson Keith Environmental geochemistry of boron SCOTLAND UK P S-W-47
Nowicki Tom Afforestation-induced enhancement of soil-solution aluminum and

manganese concentrations in South African highland catchments ~ S. AFRICA P S-W-48
Gao Xiaojiang Environmental geochemistry of rare earth elements in a typical

landscape, Jiangxi, southern China PR CHINA P S-W-49
Gennadiyev A Behavior of polycyclic aromatic hydrocarbons in soil ecosystems ~ RUSSIA P S-W-50
Gonzalez Luz Miryan Heavy metals in soils of the Sabana de Bogota, Columbia COLUMBIA P S-W-51
Kadatsky Valery B. Heavy metals in humus and soil organic layers with

different human activities BELARUS P S-W-52
Kasimov N. S. The behavior of rocket-fuel components in soil and plants in the

Kazakhstan and Altay region of Russia RUSSIA P S-W-53
Kotra Rama K. Geochemistry of mercury and trace elements in organic-rich

sediments and vegetation from the everglades, south Florida USA P S-W-54
Fumoto T. Sulfate adsorption model! for predicting soil acidification JAPAN P S-W-55
Rashed M. N. Biogeochemistry of trace elements in plants and interactions with

soil around Nasser Lake, Egypt EGYPT P S-W-56
Rechcigl Jack E. Environmental impact of phosphogypsum use in agriculture USA P S-W-57
Semenov Yury M.  Differentiation of heavy metals as a reflection of

landscape-use levels RUSSIA P S-W-58
Sakurai Yasuhiro Laboratory measurements of the absorption and oxidation of

sulfur dioxide by the soil surface JAPAN P S-W-59
Savchenko  Vladimir Trace element distribution in soils and factors affecting metal

uptake by plants in the contaminated flood plain of the

Svisloch River, Belarus BELARUS P S-W-60
Sonke Jeroen A chemical and mineralogical reconstruction of emissions from

Zn-smelters in the Kempen region (Belgium), based on peat cores NETHERLANDSP S-W-61
Shtangeeva  lIrina Some pecularities of chemical element bioaccumulation in

different environmental samples RUSSIA P S-W-62
Strzyszcz Zygmunt Iron deposition and magnetic susceptibility of forest soils,

Katowice Province, Poland POLAND P S-W-63
Wang Lijun Environmental geochemistry of rare earth elements in

common soils of China PR CHINA P S-W-64

Session 9. Remediation of Mining-Related Disturbances

(Session Chairs: Harry Posey and Suresh Kumar )
Rebedea Irina An investigation into the mechanism by which synthetic zeolite

amendments reduce soil phytotoxicity ENGLAND, UK O 91
Deissmann  Guido Geochemical assessment of passive treatment methods for acid

mine waters from a flooded uranium mine GERMANY o 9-2
Vandiviere M. M. Comparative testing between conventional and microencapulsation

approaches in controlling pyrite oxidation USA (0] 9-3
Cheong Young-Wook Metal removal efficiencies of substrates for treating acid mine

drainage of the Dalsung Mine, Korea KOREA 0 9-4
Bowell R. J. A review of sulfate removal options from mine waters WALES UK 0 9-5
Joshi D. C. Characterization of gypsum mine wastelands and their rehabilitation INDIA P W-F-47
Kumar Suresh Rehabilitation induced vegetation progression at gypsum mined land

in western Rajasthan—analytical approaches and empirical evidenceINDIA P W-F-48
Lund D. Uses of chemical speciation for impact evaluation and remediation

of mining waste ENGLAND UK P W-F-49
Ni Dagang Purification of toxic metal contaminated ground water using

Chitosan in partially converted crab shells USA P W-F-50
Edwards Robert J. Biogeochemical mechanisms influencing metal mobility in natural

and constructed wetlands WALES UK P W-F-51
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Thompson Bruce Adsorption of metal cations on manganese oxide-coated filter sand:

a novel method for water treatment SCOTLAND UK P W-F-52
Nord, Jr. Gordon L. Three-dimensional nanocrystalline networks limit limestone drain

remediation—a role for environmental mineralogy USA P W-F-53

Session 10. Natural and Man-Made Radiogenic Hazards
(Session Chairs: Rich Wanty and John Glendinning)

Kagan Leonid M. Chernobyl nuclides in soils and gamma-dose rate in the air

of Belarus BELARUS o 10-1
Glendinning  John Weathering and colloid mobility as factors influencing the

migration of radioactive elements at Steenkampskraal Mine

in the Northern Cape Province, South Africa S. AFRICA o 10-2
Smith Barry The distribution of natural radioelements in ground waters

and post Cretaceous sediments from the southern

Mediterranean margin ENGLANDUK O 10-3
Shvartsev Stepan L. The experience and the results for the disposal of liquid

radioactive waste (LRW) on the Siberian Chemical Industrial Plant RUSSIA 0 10-4
Mazeika Jonas Radiogeochemical mapping in the Ignalina Nuclear Power

Plant region— bottom sediments and soils LITHUANIA P S-W-65
Shumlyanskiy Vladkslav O. The radioactive mineral encrustation on the casings in the

oil producing wells in the Dnieper-Donets depression, Ukraine UKRAINE P S-W-66
Golovko Natalia V. Organic substances and the migratory processes of radionuclides  UKRAINE P S-W-67
Kadatskaya  Olga V. Chernoby! contamination as a new geographical factor in Belarus ~ BELARUS P S-W-68
Kadatsky Valery B. Re-suspension of the radionuclides in the Belarus soils distant

from the Chernobyl Nuclear Power Plant BELARUS P S-W-69
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Reactions and Transport of Copper in
Headwater Streams Receiving Acid Rock
Drainage

AMACHER, M.C.!, KOTUBY-AMACHER, J.?, and BROWN, R W.!
'USDA, Forest Service, 860 North 1200 East, Logan, UT 84321,
USA

2Utah State University, Logan, UT, USA

Acid rock drainage (ARD) from Fisher Mountain near
Cooke City, Montana has severely contaminated Fisher
Creek, a headwater stream of the Clark’s Fork of the
Yellowstone River. The pH of Fisher Creek increases from
3.0 at the Glengarry Mine adit to near neutral about 4500 m
downstream. Tributaries in the upper part of the watershed
dilute ARD from the Glengarry Mine, but because they flow
through acidic igneous rock, they have low alkalinity levels
and do not increase stream pH. Tributaries in the lower part
of the watershed flow through more calcareous rock and add
sufficient alkalinity to increase the pH of Fisher Creek to
near neutral levels. Ferrihydrite precipitates in the upper
part of the stream but particulate ferrihydrite and
ferrihydrite-coated sediment fines are transported down-
stream during periods of high flow resulting in a high iron
oxide content of sediments along a 4500 m length of stream.
Hydrologic mass balance calculations indicate that down-
stream decreases in Cu concentrations in the upper part of
Fisher Creek result from dilution by tributaries. Further
downstream as tributaries add some alkalinity and the pH
.ncreases to near neutral levels, decreases in Cu concentra-
tions in Fisher Creek are the result of adsorption by
ferrihydrite in streambed sediments. These decreases were
predicted using the diffuse-layer adsorption model, a
surface-complexation model included in the equilibrium
chemical speciation computer program MINTEQA2. The
Cu content of the ferrihydrite fraction of Fisher Creek
sediment increased as pH increased over the stream reach
where Cu adsorption was predicted to occur.

Temporal Variability in the Geochemistry of
Waters from Abandoned Coal Mines,
County Durham, UK

ANDER, E.L.!, THORNTON, I.!, FARAGO, M.E.", and
RICHARDS, D.G.?

!Environmental Geochemistry Research Group, Centre for
Environmental Technology, Imperial College of Science,
Technology & Medicine, Prince Consort Road, London, SW7 2BP,
UK

2RTZ Technical Services Ltd., PO Box 50, Castlemead, Lower
Castle Street, Bristol, BS99 7YR, UK

The County Durham coalfield, NE England, has a long
“istory of subsurface mining of Carboniferous coal. The
recent closure of all remaining deep mines in this coalfield
has raised the possibility that ground-water withdrawal (for
mine dewatering) may be discontinued. Research into the
hydrogeology of the coal measures by other workers has
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established that much of the rebounded ground water would
drain into the river Wear, a regionally important water-
course, directly or via tributaries. The occurrence of
dissolved pyrite oxidation products in flooded mine work-
ings has been widely studied by many other researchers.
When such ground water enters surface water courses the
precipitation of ochres and some reduction in the pH of
waters in the river Wear catchment may be expected.

This study aims to assess the potential occurrence and
dispersion of elements, some of which may be toxic, in
tributary waters of the river Wear. Uncontrolled mine and
spoil heap drainages from previously abandoned workings in
the west of County Durham have provided eight points of
discharge and three downstream traverses. Sampling was
undertaken at these sites on several occasions, in varying
hydrological conditions, and was followed by multielement
analyses of water, suspended sediment and stream sediment.
The results have shown that there is much chemical variabil-
ity between deep mine and spoil heap issues. Temporal
chemical variations of up to several orders of magnitude
(examples of value ranges observed at one site: pH 3.7-5.8,
Fe 8,110-69,400 pg L', Mn 1,600-20,300 pg L' and Al
820-74,400 pg L') were observed at some sites at the point
of emergence and marked changes were also observed in
downstream hydrogeochemistry seasonally. The differences
are such that they strongly alter the potential toxicity of the
waters and the nature of the minerals precipitating from
them. These differences have been attributed to the differing
hydrological behavior of the mine spoil heaps and deep
mines and to seasonal effects.

Pollution of Sediments, Soils, and Plants by
Thallium

ASAMI, Teruo, MIZUI, Chizuru, NOGAMI, Naoko, and KUBOTA,
Masatsugu
School of Agriculture., Ibaraki Univ., Ami, Ibaraki 300-03, Japan

Thallium (T1) is a highly toxic element. Pollution from T1 is
thought to be restricted to places such as non-ferrous metal
mines, smelters, and factories using Tl. However, since the
discovery of high-temperature superconducting compounds
in the system T1-Ca-Ba-Cu-0, Tl has attracted greater
attention as a potential pollutant on a large scale in the
future. Therefore, we established a method for determining
Tl content in sediments, soil, and plants, and determined
concentrations of Tl and other harmful metals in sediments
and soils of Japan. Effects of Tl on some crops were also
studied.

Method of Tl determination: The determination of Tl in
sediment and soil by FAAS, involving extraction of Tl from
5 g of sediment or soil by digestion with HCIO,-HNO,
followed by separation of extracted Tl into 5 ml of di-
isopropylether from HBr solution including Ce(SO,),. Tl in
the organic phase is determined by direct aspiration into the
AAS. The geometric mean (range) of 18 Japanese unpol-
luted surface soils was 0.31 (0.10-0.56) mg T kg™! dry
weight (DW) (Fresenius J. Anal. Chem., 356: 348-351,
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1996). TI in plant material was analyzed by nearly the same
method.

Pollution of sediments and soils with Tl and other
harmful metals: As an example, pollution of sediment and
soil by Tl and other harmful metals near the Hosokura Mine
and Smelter will be reported. This mine and smelter had
been producing large amounts of Pb, Zn, Cd, and Ag, and
smaller amounts of Cu, Sb, Tl, and Bi. The geometric mean
(range) of Tl content in 10 sediments was 17.5 (4.81-79.9)
mg T1kg' DW. The amounts of Tl are high near the mine
and smelter and decrease downstream. The geometric mean
(range) of Tl concentration in 19 soils was not so high, and
was 0.58 (0.26-2.39) mg Tl kg! DW. Correlation coeffi-
cients between the amounts of Tl and the other metals are
high both in the sediments and the soils.

Effects of Tl on crops: Growth of 3 kinds of crops was
retarded remarkably by Tl addition to culture solution. Tlin
the culture solution was absorbed easily by these crops. For
example, the shoot and the root of Brassica campestris in 1
umol T1 L contained 152 and 165 mg Tl kg! DW, respec-
tively. The Tl was not accumulated in the root and easily
translocated to the shoot.

Since Tl is easily absorbed by crops and is highly toxic
to living things including human beings, it will be necessary
to investigate the state of pollution and behavior of Tl in the
environment.

Environmental Geochemistry of Gold
Deposits in the Mother Lode Belt, California

ASHLEY, Roger P.
U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA
94025, USA

The Mother Lode belt is a vein system 1-5 km wide that
follows the Melones fault zone, a major regional structure in
the Sierra Nevada foothills, for 200 km. Lode mining began
in 1849 and has continued intermittently to the present,
resulting in total production of about 440 t of gold.

The deposits are classified as low-sulfide gold-quartz veins.
They formed 110-130 ma ago, after prograde metamorphism
and penetrative deformation, from upward-moving CO,-
bearing fluids. In the northern half of the belt most ore
bodies are in quartz veins that contain free gold, pyrite,
arsenopyrite, and minor base metal sulfides. Sulfide
contents are less than 2 percent. Carbonate-altered green-
stone and slate containing as much as 10 percent pyrite and
arsenopyrite form substantial low-grade ore bodies. In the
southern half of the belt, ore bodies are mainly disseminated
gold and pyrite, commonly with tetlurides, in carbonate-
altered serpentine, greenstone, and slate. Base metal
sulfides and sulfosalts are scarce, and arsenopyrite is rare or
absent, but altered serpentine contains minor niccolite,
gersdorffite, and millerite.

The main environmental concern is Hg and soluble As
compounds in mill tailings. The ores have elevated Hg
levels (0.1-1 mg kg™'), and additional Hg has been intro-
duced in ore processing. Concentrations of As are com-

monly 100-1000 mg kg™ in tailings, and 100-1000 ug kg™ in
mine drainage and mine pit waters. Although the ores
contain carbonate minerals and have low sulfide contents,
locally sulfide-concentrate and ore stockpiles produce acid
drainage. Copper, Pb, Zn, Te, Sb, T}, and locally Mo and W
are enriched in the ores, but their abundances are generally
relatively low.

Measurement and Simulation of Pyrite
Oxidation in the Blasted Rock of an Open-
Pit Mine

ATKINS, David A., COOK, Terri L., KEMPTON, J. Houston
PTI Environmental Services, 4940 Pearl East Circle, Suite 300,
Boulder, CO 80301, USA

Current open-pit mining practices leave large areas of
blasted rock in place in the walls and benches of the mine
pit. Predictions of long-term releases of acid from sulfide-
bearing rock in these walls and benches require accurate
values for pyrite oxidation rates under field conditions, but
these rates cannot be measured by methods that have been
used traditionally for tailings and waste rock. To assess
potential acid generation from exposed blasted rock in open-
pit mines, in situ sulfide oxidation rates were measured in
waste-rock and sulfide-ore piles and mine pit benches by
measuring the rate of decrease in the oxygen content of a
chamber sealed to the rock surface, and a corresponding
oxidation rate was calculated. Upon completion of the tests,
bulk samples of the rock were analyzed for sulfide content.
Results indicate that oxidation rates are correlated more
strongly to the material type and its associated permeability
to oxygen than to sulfide content. Oxygen consumption
rates were approximately 800 moles O, (m?a)"! in the highly
permeable sulfide-ore pile, 400 moles O, (m?a)" in the
waste-rock pile, and 40 moles O, (m?a)" in the low-perme-
ability pit bench material. Measurements of physical
parameters that affect oxidation rate (sulfide content,
permeability/porosity, and fragment size distribution of the
rock matrix), were incorporated into a diffusion-limited
sulfide oxidation model. Model results correlated well with
the field measurements, indicating that the model can
accurately predict long-term sulfide mineral axidation and
acid release in sulfide-bearing rock piles and pit benches.

Distribution of Sulfur and Heavy Metals in
Podzolized Tills in Northern Finland

AYRAS, M., and RAISANEN, M. L?
!Geological Survey of Finland, Box 77, 96101 Rovaniemi, Finland
’Geological Survey of Finland, Box 1237, 70211 Kuopio, Finland

In 1992, about 35 podzolized till profiles were sampled in
the study line from southwestern Finnish Lapland to north-
ernmost Finnish Lapland. Samples were collected from the
eluvial, illuvial and transitional zone layers and parent tills
up to one meter. Air-dried, sieved samples of the <0.064
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mm (fine) and <2.0 mm (coarse) were analyzed with the hot
aqua regia extraction method by using ICP-AES at the
Chemical Lab of the GSF in Rovaniemi. Total concentra-
tions of the main elements were determined by XRF and
total C concentrations by a carbon analyzer and the quantity
of humidity and crystalline water by a water analyzer at the
Chemical Lab of the GSF in Espoo. In general, element
concentrations and distributions varied from profile to
profile, particularly from podzol layers downwards to the
parent till. Indisputably, this is due to the geochemical
variation of tills and the variation in the intensity of pod-
zolization along the study line. Mean and median concentra-
tions of S and heavy metals were markedly higher in the
<0.06 mm fraction than in the <2.0 mm fraction of all soil
layers. The contrast was greater for sulfur and heavy metals
than for the main elements. Sulfur was markedly enriched in
the illuvial and transitional zone layers compared to its
concentration in the parent till. The metals were sporadi-
cally enriched in the illuvial layer. The distribution pattern
is rather due to the differences in the podzolization than to
the long-range transported sulfuric and metallic aerosol.

Mercury Speciation In Soils And
Vegetation, Southwest Alaska

BAILEY, Elizabeth A.', HINES, Mark E.?>, GRAY, John E.’

'U.S. Geological Survey, 4200 University Drive, Anchorage, AK
99508, USA

‘Biological Sciences Department, University of Alaska Anchorage,
Anchorage, AK 99508, USA

3U.S. Geological Survey, P.O. Box 25046, MS 973, Denver
J[Federal Center, Denver, CO 80225, USA

To characterize the distribution of mercury species in soils
and vegetation and the geochemical controls on the behavior
of Hg in the terrestrial environment, we measured total Hg
and methylmercury concentrations in vegetation and total
Hg, methylmercury, Hg?, and Hg® in soils near three
abandoned Hg mines (Red Devil, Cinnabar Creek, and Red
Top) in southwest Alaska. Total Hg and methylmercury in
all samples collected near the mines are elevated over those
in regional background samples. Vegetation contains as
much as 970 pg kg'! total Hg, whereas background samples
contain no more than 190 pug kg'. Methylmercury levels are
as high as 37 pg kg in mine site vegetation samples but
background samples contain no more than 1.5 pg kg!'. A
subset of the vegetation samples was separated into leaf
tissue, stem tissue, and flowering/fruiting body tissue and
analyzed individually for total Hg. Leaf tissues consistently
exhibited higher concentrations of Hg than either the stem or
fruiting body tissues. Soil samples collected at the mine
sites contain as much as 5,326 pg g'' total Hg and 133 pg
kg! methylmercury, whereas background samples contain no
more than 3.7 pug g total Hg and 9.2 pg kg! methylmercury.
Jivalent and monovalent Hg were measured in a subset of
the soil samples collected and in almost all samples contain
Hg?* and Hg® elevated over background samples. Soil
samples collected from the mines contain as much as 484
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Hg?*, background samples contain no more than 0.37 pg g*!
Hg*. Mine site soils exhibit Hg® emission rates up to 8.80
ng g hr! whereas fluxes from background soil samples are
generally less than the detection limit of 0.02 ng g hr'.
Although samples from the mines have significantly elevated
levels of all Hg species measured when compared with
regional background sites, our data show that the ratio of
methylmercury to total Hg is higher in the background sites.
That is, Hg contaminated soils may not accumulate signifi-
cantly higher levels of methylmercury. This is consistent
with Hg data from aquatic environments but little is under-
stood about the geochemical cycling of methylmercury in
terrestrial ecosystems. The elevated levels of Hg?* found in
the mine soils may play a role in controlling methylmercury
concentrations by way of an enzyme catalyzed (organomer-
curial lyase) microbial demethylation reaction that produces
Hg?* thus preventing high concentrations of methylmercury
from accumulating in these soils. The Hg** produced by
demethylation may be further reduced to Hg® by another
enzyme catalyzed (mercuric reductase) microbial reaction
that is also controlled by the presence of Hg?*. When Hg?* is
present in low concentrations, such as in the regional
background sites, the enzymes that catalyze microbial
demethylation and reduction are not synthesized and
methylmercury may not accumulate. It is assumed that most
Hg found in plants comes from foliar absorption of Hg? from
the atmosphere. The elevated concentrations of Hg?
emission from mine soil samples probably explains the
elevated levels of total Hg measured in mine vegetation
samples.

A Comparison of the Geochemistry of
Water Draining from Adits and Tailings
Piles in the Coeur d’Alene Mining District:
Information for the Geoenvironmental
Component of Mineral Deposit Models

BALISTRIERI!, Laurie S.!, BOOKSTROM, Arthur A%, BOX,
Stephen E.2, and IKRAMUDDIN, Mohammed®

'U.S. Geological Survey, University of Washington, Box 357940,
Seattle, WA 98195, USA

2U.S. Geological Survey, West 904 Riverside Avenue, Room 202,
Spokane, WA 99201, USA

3Geology Department, Eastern Washington University, Mail stop
70, WA 99004, USA

The Coeur d’ Alene mining district in northern Idaho ranks
as one of the world’s largest producers of Ag and one of the
United States’ major producers of Pb and Zn. Despite this
status, no integrated mineral deposit models exist for this
district. We are developing integrated mineral deposit
models for Coeur d’Alene deposits that include descriptive,
genetic, grade-tonnage, and geoenvironmental information.
Data that define the geochemical signatures of Ag-rich, Zn-
rich, Pb-rich, and polymetallic deposit types on the environ-
ment are used to develop the geoenvironmental component
of the models. Part of this effort involves sampling and
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analyzing waters draining from adits and seeping from
tailings piles for different deposit types in the district.
Preliminary results for two Zn-rich deposits (Success and
Interstate-Callahan mines) indicate that drainage from adits
is near neutral (pH 6.9 to 7.4) while drainage from tailings
piles is acidic (pH 4.8 to 6.1). Drainage from tailings seeps
contains higher dissolved concentrations of certain elements
than from adits at these sites. However, the identity of the
elements and the magnitude of enrichment varies between
sites. Dissolved Pb, Al, and Cu are enriched in tailing seeps
relative to adit water at both sites, although the magnitude of
enrichment of these elements in different seep water varies
considerably (77 - 9,000x for Pb, 9 - 4,300x for Al, and 5 -
400x for Cu). Drainage from the Interstate-Callahan tailings
are significantly enriched in Cd (4,800x), Zn (4,500x), Co
(1,800x), Mn (1,200x), Ni (500x), and Fe (20x) relative to
adit water from the mine and relative to enrichments
observed at Success. Tailing seeps from both sites influence
metal concentrations in nearby creeks and in the Coeur
d’Alene River. Therefore, drainage from mining and
mineral processing wastes appears to be an important source
of metals to the environment in the Coeur d’Alene valley and
must be included in developing the geoenvironmental
component of mineral deposit models for this district.

Risk Assessment of Ecosystem Buffering to
Acid Input in Russia

BASHKIN Vladimir N., and PRIPUTINA Irina V.

Institute of Soil Science and Photosynthesis, Russian Academy of
Sciences, Pushchino, Moscow region 142292 Russia (e-mail:
bashkin@issp.serpukhov.su)

This research presents a comprehensive estimation of
different geochemical and biogeochemical approaches to
analyses of sulfur, nitrogen and acidity critical load (CL)
values under the computer calculations for terrestrial and
freshwater ecosystems of various regions in Russia, includ-
ing uncertainty analyses and risk assessment. The CL values
are used to set goals for future deposition rates of acidifying
and eutrophying compounds so that the environment is
protected. In this research CL values for various ecosystems
are determined using EM GIS approach. Some software
packages (e.g. Statgraphics and UNCSAM) have been used
as tools for the analysis. It has been shown that both input
source uncertainties and corresponding values of risk
assessment were influenced by degree of spatial resolution
used for collection of initial information databases. The data
for analysis were collected from the large territories of
European and Asian parts of Russia. The most influential
sources, such as nitrogen, sulfur and base cation uptake by
vegetation, surface and ground-water leaching from terres-
trial to freshwater ecosystems are described for the whole
territory under study regarding uncertainty analysis and the
level of corresponding risk assessment. This may be
explained by many factors of which the most important are:
the estimation of plant uptake is carried out on the basis of
data on the biogeochemical cycling of various elements, for

which adequate quantitative characterization for all ecosys-
tems under study is either absent or insufficient; reliable
information on the quantitative assessment of the ratio
between perennial plant biomass increase and dead matter is
absent for the required level of spatial and temporal resolu-
tion; reliable data on surface and underground runoff in
various ecosystems are rare; the influence of hydrothermal
factors on the above mentioned processes has not been
quantitatively determined at the required level of model
resolution. Nevertheless, the determination of the most
important parameters of model sensitivity allows us to focus
future efforts on collecting all available information on the
given parameters and, consequently, to reduce their input
uncertainty. The same parameters were responsible for
corresponding risk analyses of actual and potential
acidification.

Biogeochemical Heavy Metal
Regionalization and Human Risk
Assessment

BASHKIN Viadimir N.!, PRIPUTINA Irina V.!, EVSTAFJEVA
Elena V.2, and WILLSON Jeanné®

!Institute of Soil Science and Photosynthesis, Russian Academy of
Sciences, Pushchino, Moscow region 142292 Russia (e-
mail:bashkin @issp.serpukhov.su)

*Crimea Medical Institute, Lenin St., 5/7 Symferopol, 333006,
Ukraine

3Global Environmental Strategies, 5953 South lola Way,
Englewood, CO 80111, USA

The main precondition of human risk assessment should be
an account of natural biogeochemical regionalization and the
determination of all possible biogeochemical food webs, the
velocity of migration of pollutants in the food chains and
physiological reaction of human organism on the given
factors because the influence of different pollutants, espe-
cially heavy metals is mediated by biogeochemical organiza-
tion of the territory. Such interactions are determined for the
leading anthropogenic factors, mainly for air and soil
pollution, application of agrochemicals (mineral fertilizers
and pesticides), and degree of urbanization. So, during 10
years on the basis of resort hospitals the physiological
standardized monitoring of people from various regions of
Russia, Ukraine and Belarus was carried out. These regions
differed on a basis of both anthropogenic loading and natural
biogeochemical mapping of heavy metal contents in food
webs. This variety of initial conditions, as well as the
account of different social aspects and the standardization of
monitoring methods, created the unique possibility for
complex human risk assessment of influence of different
combinations of anthropogenic and natural environmental
factors. This human risk assessment was based on complex
physiological monitoring including the following: a) total
assessment of activity of main organism systems using
typical clinical testing; b) physiological testing to assess the
regulatory systems of organisms, the degree of their stress
and determination of the functional resources; and c) natural
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biogeochemical regionalization. The results obtained
proved to be sufficiently informative of such methods as
determination of lipid fractions, red and white blood cells,
some immune indices of organism as well as EEG testing.
The methods of correlative adaptometry and determination
of adaptation reaction type also offer perspectives for the
risk characterization process. It was shown that among
different physiological parameters there are those that are
quite sensitive to environmental factors and serve as indica-
tors of varying influence: indices of cell and humoral
immunity, reflecting the state of nonspecific sustainability of
organism (blood leukocyte spectrum, lizosime); indices of
red blood, as well as the parameters of protein and lipid
exchange which characterize the activity of main exchange
and detoxification by the liver. The degree of pollutant
influence on the given physiological indices was mediated
by biogeochemical region, being higher in forest-steppe and
steppe chernozemic biogeochemical region than in taiga-
forest nonchernozemic zones.

Geochemistry of Coals Causing Arsenism in
Southwest China

BELKIN, Harvey E., ZHENG, Baoshan®, and FINKELMAN,
Robert B.!

'U.S. Geological Survey, MS 956 Reston, VA 20192, USA
2Institute of Geochemistry, Guiyang, China

Jomestic combustion of coal for residence heating and food
preparation is pervasive in the mountainous regions of
Guizhou Province, SW China. The use of high-arsenic
(>1000 mg kg™') coals has caused in excess of 3000 cases of
arsenic poisoning restricted to several villages. The mineral-
ogy and geochemistry of several high-arsenic coals are being
studied by scanning and transmission electron microscopy,
electron microprobe and various analytical chemical
procedures to determine the concentrations, distributions,
and forms of the arsenic. This information should help
determine the source of the arsenic and better understand its
behavior during the combustion process. Preliminary results
from one sample indicate that As contents may exceed
10,000 mg kg*! in the bulk coal! There are numerous As-
bearing phases including arsenopyrite, As-bearing pyrite,
As-sulfide (realgar?), Fe-As oxide, As-bearing K, Fe-sulfate
(jarosite?), among others. Some of the organic matter
appears to be suffused with extremely fine (<<l pm)
particles of As sulfide. The primary path of human introduc-
tion appears to be through ingestion of various vegetables
dried in dwellings which do not have chimneys. The
vegetables accurnulate dust particles from the smoke. In this
way, the drying process increases the arsenic content of chili
peppers from background levels to as much as 500 mg kg'.
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Manifold Heavy Metal and As
Contamination by a German Zn-Pb Deposit
With a Two-Thousand Year Mining History

BERNER, Zsolt and PUCHELT, Harald
Institute for Petrography and Geochemistry, Karlsruhe University,
76128 Karisruhe, Germany (zsolt.berner@rz.uni-karlsruhe.de)

Different mining wastes, from a sulfidic Zn-Pb-Ag deposit in
Wiesloch (Germany), with relatively high contents of some
minor elements (primarily As, Sb, and TI, but to a lesser
degree also Se and Ni) have largely influenced the environ-
ment, contaminating water and agricultural land. Contami-
nation was primarily generated by different kinds of mining
wastes (from medieval slag to ore/rock dumps and flotation
tailings) deposited on top of a few meter thick loess blanket.
Soil contamination, consisting of elevated concentrations (in
respect to background values) in Zn (5300 mg kg!), Cd (20
mg kg!), Pb (1140 mg kg), T1 (100 mg kg™'), As (1160 mg
kg'), Sb (20 mg kg™'), Se (5 mg kg™), Ni (42 mg kg™), led to
large infertile spots in the otherwise arable land. Extraction
experiments with ammonium nitrate proved that most of
these elements could be leached and released in available
forms to plants. Mine drainage from old shafts and adits still
delivers large amounts of contaminated water (e.g. with up
to 100 mg L' As, arsenate) endangering creeks and ground
water. Experiments were carried out to investigate methods
to improve the quality of these waters so that they would be
at least suitable for farmland irrigation. The most effective
method was to precipitate or adsorb arsenic and heavy
metals onto manganese- or iron-oxides. In this way, the
concentration of toxic elements was successfully lowered to
levels below the guideline values imposed by the German
environmental protection authorities. By means of lead and
sulfur isotope studies carried out on different constituents of
the ore deposit, an attempt was made to confine the origin of
the sulfides and sulfates, and to trace them at various stages
of transport and deposition.

Chemical and Mineralogical Changes
Associated With Leachate Production at
Kriel Power Station Ash Dam,
Mpumalanga, South Africa

BEZUIDENHOUT, Nico, WILLIS, James P., and FEY, Martin V.
Department of Geological Sciences, University of Cape Town,
Rondebosch, 7700, South Africa

To understand geochemical processes in coal ash dams, a 27
m core was drilled through the Kriel ash dam, yielding
valuable information on secondary weathering. Ash water,
leachate and precipitates in drains were sampled. Ash water,
used for slurry transport of ash from the plant, was alkaline
(pH >12), dominated by Ca**, SO, and OH/CO,? ions and
supersaturated with respect to wollastonite (CaSiO,), calcite
(CaCO0,), fluorite (CaF,) and portlandite (Ca(OH),). The
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leachate from the ash dam was less alkaline (pH 7.2 -11.9)
and less saline than the ash water. Extensive precipitation of
calcite was found in the solution trench surrounding the ash
dam, in leachate drain pipes and in the ash water-return dam.
Decreased SO, concentrations in the leachate relative to ash
water were less easy to explain; MINTEQA?2 calculations
showed undersaturation with respect to gypsum, and there
was no evidence of gypsum precipitation from drainage
solutions. Sulfate attenuation may have occurred by
reduction to sulfide, since emission of HZS was detected at
some drain openings. Another possibility is precipitation of
other sulfate minerals; e.g., the literature documents
ettringite (Ca,Al, (SO,),(OH),26H,0) formation in weather-
ing ash. Calcite is dominant in secondary precipitates.
Redox mobilization of Fe at the base of the dam produces
ferrihydrite at drain openings. The results point to a
fortuitous, self-cleansing mechanism producing leachate
cleaner than the ash water.

Evaluation of Baseline Soil Geochemistry in
Support of Environmental Health Studies in
the Rocky Mountain Region

BIENIULIS, C. and GUO, X.
Foster Wheeler Environmental Corporation, 143 Union
Boulevard, Lakewood, CO 80228, USA

The determination of baseline geochemistry is important
because even the natural levels of some metals in soil may
result in human health risk calculations that exceed guide-
lines for “No further action” at hazardous waste sites.
Therefore, objective methods are necessary to determine
representative baseline values or to identify contaminant
releases, select chemicals of concern, and help establish
cleanup goals if remediation is required.

Geochemical data collected from areas considered as -
background relative to areas impacted by waste disposal
activities can be evaluated using a two-tiered methodology.
The first method involves the use of a statistical nonparamet-
ric analysis of variance (ANOV A) to compare site sample
data to the background dataset that helps to identify the
constituents which are site contaminants and those constitu-
ents which occur naturally. The second method involves the
determination of baseline values as either maximum concen-
trations or upper tolerance limits at 95% confidence for each
inorganic constituent in the background dataset. Ideally, the
ANOVA is used to identify metals significantly different and
greater than background at individual sites, while baseline
values are used as a tool for identifying constituent concen-
trations in individual site samples that are near or above
background.

The methodology presented above has been applied to
environmental health studies at sites in New Mexico, Utah,
and Wyoming. By applying the nonparametric ANOVA,
site contaminants have been easily identified and subse-
quently supported by comparisons to baseline values.
Consequently, the prescribed methodology identified

contaminants in these studies that corresponded to compo-
nents of waste disposed at these sites.

Towards a Contaminant Model for Port
Jackson, Sydney’s Main Estuary

BIRCH, Gavin F. ', TAYLOR, Stuart E. ', GOBAS, Frank A. ?
'Environmental Geology Group, Geology and Geophysics
Department, University of Sydney, NSW, 2006, Australia
2School of Resource and Environmental Management, Simon
Fraser University, Burnaby, B.C., V5A 156, Canada

A comprehensive study of Sydney’s four estuaries (Port
Hacking, Botany Bay/Georges River, Port Jackson and
Hawkesbury River) has resulted in a large inventory of
contaminant (heavy metal, organochlorine/pesticide and
nutrient) and sedimentological data. Comparability of the
data has been maintained by strictly adhering to a consistent
sample acquisition, pretreatment and analytical protocol.
Analyses are on a size-normalized basis to avoid confound-
ing texturally-driven distributions and to provide information
on source and dispersion processes. Coarse-fraction analysis
for heavy metals has enabled sediment quality and biological
effects criteria to be assessed for the total sediment.

A number of approaches have been employed to assess the
environmental status of these estuaries. Background heavy
metal concentrations determined from deep cores have
enabled anthropogenic enrichment to be established for each
region. The potential effects of heavy metals on biota is
estimated using effects-based thresholds established
elsewhere.

Sydney, with its present population of about four
million, has for almost two centuries used these estuaries as
a convenient receptacle for domestic and industrial waste.
Port Jackson, with an almost completely urbanized/industri-
alized catchment, is the most highly impacted of Sydney’s
estuaries. Mass balance modeling has been undertaken on
part of this estuary to provide information on source,
determine dominant processes of dispersion and to establish
whether contaminants are escaping the estuary.

Geochemical Mapping in the New Federal
States of Germany

BIRKE, Manfred; RAUCH, Uwe
Federal Institute for Geosciences and Natural Resources, Branch
Office Berlin, Wilhelmstrafie 25-30, D-13593 Berlin, Germany

A regional geochemical survey of the five eastern states of
the Federal Republic of Germany focusing on major ele-
ments, heavy metals and other potential pollutants provides
us with information about: natural geochemical background
concentrations; the variation of essential parameters such as
pH and electrical conductivity; the distribution of plant
nutrients and toxic substances; and the landscape geochemis-
try, i.e. the natural geochemical pattern and its modification
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by anthropogenic factors. On the basis of these data the
anthropogenic contamination resulting from application of
agrochemicals and organic fertilizers and from mineral will
be analyzed, as well as the leaching of pollutants from soil
by the increasing acidification of rain and surface waters. A
stream sediment and surface water geochemical survey is the
most suitable method of extending the geochemical survey
of the older states of the Federal Republic of Germany from
1985 into the new Federal States.

To produce international and global geochemical maps
according to the regulations and scale of IGCP 360, one
sample per 400 km? was collected and analyzed for 54 trace
and secondary elements in stream sediments and for 40
parameters in surface waters. Multielement anomalies were
determined by using multivariate statistical methods (princi-
pal component analysis, cluster Q-analysis). Evaluation of
the data, presented on single- and multielement maps,
provides a scientific basis for further large-scale environ-
mental surveys by the individual states and small-scale
thematic maps when required by ministries and federal
administrative authorities.

Environmental Geochemistry in the
Surroundings of the Central Waste Deposit
of Berlin

BIRKE, Manfred; RAUCH, Uwe
Federal Institute for Geosciences and Natural Resources, Branch
Iffice Berlin, Wilhelmstrafe 25-30, D-13593 Berlin, Germany

In the region of the central waste deposit of Berlin near the

village of Schoneiche the complex geochemical inventory of

soils and stream sediments has been determined to differenti-
ate between natural and anthropogenic input in the subsur-
face of the deposit. On an area of 42 km?, 200 samples of
topsoils, stream sediments and surface water were collected
and analyzed (main and trace elements, organic parameters
like AOX, EOX, cyanide, MHC, phenole, BTEX, LCHC,

PCB, PAH, PCDD/F). By means of geochemical load

degree maps several polluted areas could be proved in

addition to the main deposit.

As aresult of the Cluster-Q-analysis of the data, Cs,
Mo, I, U, Th, Cd, La, and Co are enriched in comparison to
the natural background, caused by the waste deposition. In
total 23 classes of anomalies describe the anthropogenic
pollution in the area of the central waste deposit with
concentrations of heavy metals as much as one hundred
times higher in relation to the regional geochemical
multielement background.

The factor analysis of the inorganic and organic
parameters reveals 12 factors which can be related to three
groups:

« different types of waste, resulting from a variety of
industrial processes and agricultural pollution
(fertilization, animal effluent, sewage sludge);

* the geochemistry of the quaternary sediments and;

« environmental influences (biogeochemical barriers).
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Sequential extractions of heavy metals from variably
polluted samples are yielding information about chemical
bonds and retention of pollutants by natural materials below
the waste dump.

Buffering of Acid Rock Drainage by Silicate
Minerals

BLISS, Linda N., SELLSTONE, Christopher M., NICHOLSON,
Andrew D., and KEMPTON, J. Houston

PT! Environmental Services, 4940 Pearl East Circle, Suite 300,
Boulder, CO 80301, USA

Most predictions of acid-rock drainage (ARD) using kinetic-
test data assume that the only source of acid buffering in the
rock matrix is carbonate minerals (e.g., calcite and dolo-
mite). This assumption is implicit in the static acid/base
accounting (ABA) method, in which neutralization is
determined by the carbonate-carbon content alone. How-
ever, silicate buffering may be significant in some systems,
and if not considered, acid release predictions may be
overestimated. For example, kinetic tests of sulfide-bearing
ore and waste from a gold mine generated stoichiometrically
less acidity than one would predict by the amount of sulfate
released. These rocks contained insufficient carbonate
minerals to account for this discrepancy. The difference
between predicted and observed acidity, which is attributed
to silicate buffering, was as high as 264 meq kg'. While
silicate buffering was an important mechanism in rocks
containing feldspars, such as lithic arenite, it was unimpor-
tant in rocks that were depleted of their buffering capacity by
silicification during hydrothermal alteration. At another
mine, ARD was neutralized by waste rock containing much
less carbonate than was necessary to achieve this neutraliza-
tion, assuming carbonate was the only source of buffering
capacity. The corresponding increases in aqueous silica
concentrations suggests that silicate buffering contributed to
the neutralization of the ARD at this site.

Assessment of Suitability of Some Disturbed
Land for Herb Cultivation

BONDAR, Galina S., KARPOVA, Tamara P., KHARITONOYV,
Nikolaj N.

Dniepropetrovsk State Agrarian University, 25 Voroshilov Str.,
Dniepropetrovsk, 320600 Ukraine

Research has been carried out in the field of herb cultivation
on disturbed lands. Variable land conditions were tested:
with an added layer of black soil and without one (loessial
loam soil), with use of fertilizers and without. The control
tests were conducted on undisturbed lands. The investiga-
tion has shown that the yield on the recultivated lands with a
layer of black soil without fertilizers was the same as the
control yield of 5 crops among 9 tested. Ononis arvensis L.
yield was even | ton ha'! higher. The yield of the herbs
Helichrysum arenarium L., Valeriana officinalis L., Calen-
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dula officinalis L. was 0.2-0.3 ton ha! less. The yield of all
the herbs grown on the plots fertilized with N, P, K. on the
black soil was 0.2-0.3 ton ha higher. The yield of all the
herbs except Ononis arvensis L. was 0.2-0.8 ton ha™' less on
the loessial loam soil than the control one, but the fertilizers
gave 0.7-1.0 ton ha! yield increase. It was established that
Fe, Cu, Zn, and Co concentrations were not essentially
different, Mn concentration was 1.5-2.0 times less, Mg
concentration was 1.5-3.0 times more in the herbs grown on
the loessial soil than on the black soil.

Based on these results of soil fertility and crop yields,
we recommend growing Hypericum perforatum L., Calen-
dula officinalis L., Leonurus cardiaca L. and others on an
added layer of black soil, while both Valeriana officinalis
and Ononis arvensis L. can be grown on the loessial loam
soil, the former with added fertilizer and the latter without.
These recommendations guarantee that the herbs obtained
will conform to pharmacological standards.

Mass-Balance Study of the Flin Flon Smelter
Emissions: Calculations on Metals in
Humus in the Flin Flon-Snow Lake Region,
Manitoba and Saskatchewan

BONHAM-CARTER, G.F. and McMARTIN, I.
Geological Survey of Canada, 601 Booth St., Ottawa, K1A OES,
Canada

Elevated levels of As, Cd, Cu, Hg, Pb and Zn occur in the
surface organic-rich layer of forest soils in the vicinity of the
Flin Flon smelter. The concentrations of these metals
decrease logarithmically with increasing distance from the
stack until background values are reached, and concentra-
tions are independent of the total organic content within the
recognized contaminated zone. A mass-balance study of the
smelter emissions was undertaken to assess the proportion of
total smelter emissions represented by the well-defined
dispersal patterns, and to determine the potential for long-
range transport of smelter particles. By making assumptions
about 1) background levels of metals in regions remote from
the smelter, according to bedrock lithology, 2) the spatial
continuity of the humus thickness and metal concentrations,
3) the bulk density of the humus, and 4) the mobility (or lack
of it) of the metals within the soil profile and remobilization
of metals to the atmosphere, approximate estimates of the
mass of the metal in the humus anomaly can be calculated.
These are balanced against the annual smelter emission
measurements made by Hudson Bay Mining and Smelting
Co. who have kept records since the smelter started opera-
tion in 1930. A surprisingly large proportion of the histori-
cal smelter emissions of some metals, particularly Zn and
Cu, can be accounted for by the corrected humus anomaly,
suggesting that these metals have not been transported very
long distances from the smelter in the atmosphere. How-
ever, other metals can not be accounted for so readily, and
this may be the result of uncertainties in the calculations, and
from differences in mobility and preservation in the humus.

Solubility of Heavy Metals in Relation to
Geological Context: A Theoretical
Approach

BOURG, Alain C. M. and KEDZIOREK, Monika A. M.
Laboratory of Aquatic and Environmental Sciences, University of
Limoges, 123 Ave. Albert Thomas, 87060 Limoges Cedex, France

The solubility of heavy metals in natural aquatic systems is
controlled by competition between processes of solubiliza-
tion (dissolved complexation) and insolubilization (adsorp-
tion and precipitation). These phenomena all depend on the
local water chemistry which in turn is controlled by the
water-solid interactions occurring in the local geological
environment.

Computer calculations describing a series of contrasting
geological environments will be presented to illustrate
various solubility patterns of toxic heavy metals. The
geological contexts presented will deal with situations both
natural (ranging from acidic to carbonate environments) and
polluted (mine drainage, landfill leachate). These calcula-
tions are based on equilibrium conditions and published
thermodynamic constants of solution chemistry and precipi-
tation processes. Adsorption is accounted for by the concept
of surface complexation.

Of special interest will be the competition between
adsorption and precipitation for the control of heavy metal
solubility. Model calculations will be compared, whenever
possible, to field observations. Model limitations (reaction
kinetics and reversibility) also will be discussed.

Migration of Heavy Metals Away from
Landfills in Leachate: Observations at the
Near- and Far-Field Scale

BOURG, Alain C.M.', WILLIAMS, Geoffrey M., BANNON,
Michelle P.2, PUGINIER, Barbara’, RINKE, Mariusz', BRIL,
Hubert' and MATEJKA, Guy'

!Laboratory of Aquatic and Environmental Sciences, University of
Limoges, 123 Ave. Albert Thomas, 87060 Limoges Cedex, France
?Fluid Processes Group, British Geological Survey, Keyworth,
Nottingham, UK

SBRGM, BP 6009, 45060 Orleans Cedex, France

‘Laboratory of Geology, University of Limoges, 123 Ave. Albert
Thomas, 87060 Limoges Cedex, France

Interested parties should contact the author for a copy of this
abstract
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A Review of Sulfate Removal Options from
Mine Waters

BOWELL!, R.J., CONNELLY', R.J., ELLIS', J., COWAN?, J.,
WOOD? A., BARTA’, J., and EDWARDS®, P.

ISteffen, Robertson & Kirsten (UK), Summit House, 9 Windsor
Place, Cardiff CF1 3BX, Wales

Steffen, Robertson & Kirsten (CE), SRK House, Illovo,
Johannesburg 2116, South Africa

3Getchell Gold Company, Golconda PO Box 220, Nevada 89414,
USA

‘Environment Agency, Glen Tawe, Swansea, SA1 4DF, Wales

Sulfide oxidation leads to high concentrations of sulfate in
contact waters. Levels of sulfate can vary from a few
hundred mg L to several thousand mg L-!. At very high
concentrations (> 1000 mg L!) sulfate has a purgative effect
and is considered corrosive on concrete and cement. Current
legislation world wide places a limit around 400-500 mg L'
on ground water and 2000 mg L"! on industrial effluent;
consequently some treatment is often required. In many
mine waters selenium as selenite is also present above
regulated standards (typically 5-50 g L!) and likewise
requires treatment before discharge of the contact water.
Various treatment options are available for sulfates involv-
ing physical, chemical and biological processes. The
selection of a treatment option is primarily dictated by
sulfate and calcium concentrations. Conventional desalina-
tion techniques cannot be economically applied for treating
most mine waters due to the problem of CaSO, scaling.
Zonsequently options available include: (1) Reverse
osmosis. Where water is low in calcium (<100 mg L') and
sulfate (<700 mg L), conventional reverse osmosis can be
used, although at higher concentrations of both scaling will
occur. A modified special reverse osmosis has been
developed to treat mine waters (SPARRO) in South Africa.
(2) Ion exchange. Similar to reverse osmosis scaling of
CaSO, is common in conventional circuits. To overcome
these problems a modified form of ion exchange has been
developed to treat Ca-sulfate waters (GYPCIX). (3) Sulfate
coprecipitation. Sulfate barriers may be constructed by
using an inorganic source which will produce a low solubil-
ity sulfate phase. Both lime and Ba salts have been pro-
posed. A number of Ba salts can be used but the most
commonly proposed are carbonate and sulfide. Because of
the cost of Ba and its environmental toxicity it is advanta-
geous to have a Ba recovery plant to recycle Ba salts. A
typical design would be to reduce the formed Ba sulfate to
barium sulfide by roasting with coal, followed by purging
with CO, to produce a recycled batch of BaCO,. Liberated
hydrogen sulfide can be used elsewhere in effluent treatment
by precipitating insoluble metal sulfides. (4) Biological
sulfate reduction. Under anoxic conditions sulfate may be
removed from the mine waters as stable sulfide precipitates.
Under these conditions sulfide minerals remain stable and
ave extremely low solubilities. Flooded underground mine
workings and open pits can be anoxic, and as such provide a
suitable environment for the implementation of a sulfate
reduction system. The presence of sulfides (H,S odor) in
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many mine water discharges indicates that sulfate reduction
is already occurring. The reduction of sulfate to hydrogen
sulfide is brought about by specialized strictly anaerobic
bacteria and is accomplished primarily by two genera:
Desulfovibrio (five species) and Desulfotomaculum (three
species). These organisms have a respiratory metabolism in
which sulfates, sulfites and/or other reducible S compounds
serve as the final electron acceptors, with the resulting
production of hydrogen sulfide. The organic substrates for
these bacteria are generally short chain acids such as lactic
and pyruvic acid. In nature these substrates are provided
through fermentative activities of other anaerobic bacteria on
more complex organic substrates.

Due to the natural occurrence of the sulfate reducing
bacteria, sulfate reduction can be utilized in situ for the
treatment of acid rock drainage provided the correct condi-
tions can be maintained to sustain bacterial activity. Anaero-
bic conditions may be enhanced by sealing shafts, adits and
air vents. For conditions to be sufficiently anaerobic
however, it is likely that a significant depth of water will be
required. A wide variety of organic substrates have been
investigated for this purpose including molasses, sewage
sludge, straw, newspaper, sawdust and manure. Other
possibilities are wastes, such as short chain organic acids,
from chemical industries.

A Study of the Analytical Variation of
Sampling and Analysis of Stream Sediments
from Mining and Milling Contaminated
Areas

BRANDVOLD, L. and McLEMORE, V.
New Mexico Bureau of Mines and Mineral Resources, Socorro,
New Mexico 87801, USA

During an environmental study of stream sediments, large
variations in metal values were noticed in contaminated
sediments taken from the same site at different times. The
question arose as to whether these differences were due to
variations in contaminant input or merely represented the
heterogeneity of the contaminated sediments at the site.
Large numbers of replicate samples and measurements could
be utilized to help answer the questions, but this is time
consuming and costly. Random error can be estimated by
the use of a duplicate analyses scheme and much use has
been made of duplicate analyses in geochemical surveys and
prospecting. In the work reported here, use was made of
duplicate analyses to study Cu, Pb, and Zn variation in
environmental stream-sediment samples. Samples were
collected from three areas: (1) adjacent to the La Bajada
mine along the Santa Fe River, (2) adjacent to the Pecos
mine along the Pecos River, and (3) downstream from the
Alamitos mill located on a tributary of the Pecos River.
Both rivers are located in northern New Mexico. The mines
and the mill have been inactive for many years.

ANOVA statistics were used to evaluate differences in Cu,
Pb, and Zn values between contaminated sites that were
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immediately adjacent. The large variations in metal values
noted on earlier trips at the sites on the Pecos River were not
noted in this study. Analytical error was the greatest
contributor to total variance. Differences in the adjacent site
means were most apparent in the smallest size fraction (<63
um). But even these differences were shown to be mostly
due to random error. The smallest size fraction contained
the highest metal values at all three sites. Stream sediments
at the La Bajada mine site did not appear to be
contaminated.

Metals in an Estuarine System: Sources and
Sinks

BROWN', Kevin L, WEBSTER?, Jenny G., and WEBSTER?, Kerry
S.

!Institute Geological & Nuclear Sciences, University of Auckland,
26 Symonds St., 92019, Auckland, New Zealand

2Institute Environmental Science & Research, New Zealand

The Hatea River estuary system lies adjacent to the town of
Whangarei, New Zealand. The watershed includes pastoral,
forested, suburban and industrial land, as well as two distinct
geological terranes, and the estuary incorporates a large
commercial marina. Shallow cores taken from the upper
estuary indicated that Cu, Pb, and Zn concentrations were up
to 600% higher in the near-surface muds than in underlying
sediments. The aim of this study was to identify potential
sources and transport/deposition processes, for Cu, Pb and
Zn in this catchment.

Metal analyses of bed sediments confirmed that, as
expected, streams and storm waters draining suburban and
industrial subcatchments had relatively high levels of Pb and
Zn. In the water column, Pb and Zn were partially or
completely bound to the coarser (>0.45 pum) suspended
sediments. Cu on the other hand, was not bound to coarse
suspended sediments in the tributaries, and concentrations
were generally lower in the bed sediments of suburban
streams than in the estuarine sediments. Experimental
leaching studies under estuarine conditions showed that Cu
was more readily leached from tributary bed sediments than
Pb and Zn. Consequently, Cu is unlikely to accumulate in
estuarine sediments through a precipitation or adsorption
mechanism, but may have a source within the estuary (e.g.,
antifouling agents).

Relative metal mobilities appeared to be Cu ~ Zn > Pb
in the freshwater catchment, and Cu > Zn > Pb in the
estuary. The latter was clearly evident in the local disper-
sion of metals around a storm water outlet where sediments
close to the outlet had anomalously high concentrations of
Pb and Zn (and As) but not of Cu.

Recent (1930’°s) Natural Acidification and
Fish Kill in a Lake That Was an Important
Food Source to the Population of Akulivik,
Northern Québec.

CAMERON, Eion M."?, PREVOST, Clément', McCURDY,
Martin', HALL, Gwendy E.M.! and DOIDGE, BilP
'Geological Survey of Canada, 601 Booth St., Ottawa, ON,
Canada K1A 0OES8

2University of Ottawa

JKuujjuaq Research Centre

Lake Isiurqutuuq was an important source of fish to sustain
the local Inuit community until the 1930’s when the fish
disappeared. At the time this loss was attributed to explo-
sives used by prospectors. A project was undertaken at the
request of the people of Akulivik to determine the cause of
fish loss and possible remediation. Present lake water is
acidic (pH 4.3) and most life forms are absent. A unit of
sulfide-rich graphitic shale outcrops on the hillside above the
lake. At one place this thickens into a wide lens of sulfide,
represented at the surface by an extensive gossan. Streams
entering the lake from this gossan have a pH of 3.4 and high
metal contents, including Zn, Cd, Cu, Ni, Fe and Al. On
entering the lake, Fe is quantitatively precipitated and the
resulting oxide serves to fix much of the dissolved base
metals. The lake, while inland, is only 10 m above sea level
in a region of major post-glacial uplift. When the ice
retreated ~7000 years ago the lake was ~140 m below sea
level. The sulfide zone emerged from the sea ~2000 years
ago, when oxidation commenced. Initially, marine shells
buffered acid entering the lake. Only after the shells were
consumed did the lake water become acid. Diatom analysis
of a lake sediment core reveals striking changes that docu-
ment these events. Clay at the base of the core (25-28 cm)
contains a marine-littoral diatom flora. Following uplift and
marine regression, a freshwater diatom community became
established, largely dominated by pH-neutral and
alkaliphilous taxa. Progressing upcore, increasing acidifica-
tion is revealed by the appearance and gradual increase in
abundance of acidophilous diatoms beginning around 9 cm,
and culminating with recent lake-bottom sediments (0-1 cm)
dominated by acidobiontic species. Remediation of the lake
is technically possible, because of abundance of sand
derived from marine shells that could buffer acid entering
the lake.
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A Large-Scale Laboratory Experiment to
Determine the Mass Transfer of CO, From a
Sandy Soil to Moving Ground Water

CARON, Frangois' and MANNI, Giulio?

!Environmental Research Branch, Atomic Energy of Canada Ltd.,
Chalk River, Ont. KOJ 1J0 Canada

2CANDU Operations, Sheridan Park, 2285 Speakman Dr.,
Mississauga, Ont. L5K I1B2 Canada

Gaseous "“CO, originating from low-level radioactive wastes
buried in the unsaturated zone can be released to the
environment via two major routes: gas-phase diffusion
through soils to the atmosphere, and by dissolution in ground
waters, followed by aqueous migration. The fate of this gas
is important for the safety of waste management areas and
for waste disposal, because the exposure to humans depends
upon the aqueous vs. atmospheric path. One key parameter
that influences the relative importance of these paths is the
transfer to ground waters, expressed as the mass transfer
coefficient KL. Due to the nature of the capillary fringe,
located just above the water table, the KL cannot be calcu-
lated and it has to be obtained experimentally.

A first step of this experiment, reported elsewhere, was
done using static sand columns. In the current work, the
experiment was scaled up to a large sand bin (3.5 x 2 x 1 m)
with a moving aquifer. Using a mass-balance approach, the
KL determined in this experiment was ~10 to 20 times
smaller than for a quiescent liquid. This implies that the
:apillary fringe offers a significant resistance to mass
transfer, and this should be accounted for in the calculations
of the fate of “CO, near waste management areas.

The objective of this presentation is to give a detailed
description of the sand box experiment and the approach to
obtain KL. A field application at Chalk River laboratories,
near a waste management area, will also be presented.

Textural Analysis and its Importance as
Indicator of Energy Levels in
Environmental Geochemistry

CARRANZA-EDWARDS, A. and ROSALES-HOZ, L.
ICML, UNAM, Circuito Exterior, Cd. Universitaria, México D.F.
04510

Environmental geochemical case studies seldom show
detailed geological information. This fact is mainly due to
the monodisciplinary tendency in environmental research in
establishing the problem as well as the possible solution.
This talk will present the natural and anthropogenic inputs of
heavy metals in different geologic environments (river,
beach and continental shelf) and describe how the energy of
the depositional environment is related to the grain size of

ie sediment. It is commonly observed that the higher the
average grain size the lower the content of heavy metals,
because the energy in the depositional environments may
lead to a direct relationship between contaminants and
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contaminant receptors. One may conclude that the interdis-
ciplinary interaction helps in understanding the environment,
and also contributes to discriminate between natural and
anthropogenic inputs to natural systems.

Discriminating Between Natural and
Anthropogenic Anomalies in the Surficial
Environment in Yellowstone National Park,
Idaho, Montana, And Wyoming

CHAFFEE, M.A., HOFFMAN, J.D., TIDBALL, R.R., AND VAN
GOSEN, B.S

U.S. Geological Survey, Denver Federal Center, MS 973, Denver,
CO 80225, USA

An important goal in the field of environmental geochemis-
try is to inform the public about what constitutes natural
abundances of elements in the surficial environment. This
information is particularly important in highly visible areas,
such as relatively pristine national parks. In cooperation
with the National Park Service, the U.S. Geological Survey
is conducting a stream sediment-based environmental
geochemical study in selected areas in and near Yellowstone
National Park. The goals of the study are to (1) establish a
1990’s chemical baseline for scientific reference purposes
and (2) identify and distinguish anomalies related to natural
features, such as hot springs and chemically contrasting
lithologies, from those related to human activities, such as
mining and recreation.

Geochemical maps show the effects of past mining
activity in the Cooke City area, just outside the northeastern
boundary of the park, where anomalies for Au, As, Cu, Fe,
Pb, S, and Sb have been identified in concentrations that are
clearly above their natural levels for that area. Anomalies of
these elements extend as much as 20 km inside the park. In
one area, a high concentration of lead was determined to be
anthropogenic because of a lack of other elements com-
monly associated with natural lead anomalies. This anomaly
is probably related to fishing or hunting activity. Anomalies
of As, Cs, S, Sb, and W were identified in areas of hydro-
thermally related solfataric alteration. Of these five ele-
ments, Cs is the only one not enriched in the Cooke City
area, and is therefore the best discriminator between concen-
trations related to mining activity in the park area and those
related to hot spring activity. Elements such as Ca, K, Mo,
and Na were not found to be useful indicators of mining
activity; however, they help to discriminate between major
lithologic units and can therefore be used to assist geologic
mapping studies in the park.
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Metal Removal Efficiencies of Substrates for
Treating Acid Mine Drainage of the Dalsung
Mine, Korea.

CHEONG, Young-Wook, MIN, Jung-Sik, and KWON, Kwang-Soo
KIGAM, 30 Kajung-Dong, Yusung-Ku, Taejon, Korea 305-350

The Dalsung Tungsten mine is located in southeast Korea.
The mine was one of the biggest tungsten producers in the
1960’s, but closed in 1973. The abandoned mine is located
in a mountainous area with nearby agricultural and residen-
tial areas. The area is drained by a small stream and is
notorious for contamination of surface and ground water.
The environmental problems in this area are caused by acid
mine drainage (AMD) from seeps. AMD has contaminated
the stream and ground water to the point that neither can be
used for agricultural supply and drinking water. Water
quality of AMD shows high concentrations of Fe, Mn, Zn,
Cu, and S and very high acidity compared with the natural
waters.

In 1996, the pilot wetland reactor system was installed
to treat AMD and to evaluate metal removal. This system
consisted of five 600L reactor containers with organic
substrates and limestones, with an upward flow direction.
Operating duration of the system at this mine was 118 days.
Water samples were taken periodically to rapidly detect
chemical changes. Water parameters such as pH and Eh
were measured directly in the field and elements such as As,
Cd, Pb, Zn, Cu, Al, Fe, and Mn were analyzed in the
laboratory.

Effluents from the reactors show that substrates such as
mushroom composts, rice stalks mixed with cow manure and
limestones worked well to remove metals (especially Fe, Al,
Cu, and Zn) and acidity. Anoxic constructed wetland filled
with above substrates could be an effective treatment method
for the AMD.

Geochemical and Lead-Isotopic Studies of
the Environmental Effect of Mining at
Summitville, Colorado

CHURCH, Stanley E., WILSON, Stephen A., and BRIGGS, Paul H.
U.S. Geological Survey, M.S. 973 Denver Federal Center, Denver,
CO 80225, USA

Sediments collected in 1976 and 1994 from the Alamosa
River and the Wightman Fork downstream from the
Summitville mine were analyzed for their extractable and
total metals. The extraction procedures used were the EPA
1311 and 3050 extractions, a 0.25 M hydroxylamine
hydrochloride extraction, and a 2M HCIl- 1%H,0, extraction.
The total element composition of the samples was deter-
mined using multiacid decomposition (HCl, HNO3, HCIO,,
and HF). The leach extraction procedure clearly identified
the iron-hydroxide as the mineralogical phase carrying the
metals. Concentrations of copper, lead, and zinc in the
sediments of the Wightman Fork downstream from the

Summitville mine were substantially elevated in both the
1976 and 1994 geochemical baselines. Aluminum concen-
trations in the 1994 baseline were about thirty percent higher
than in the 1976 baseline. We interpret this increase in
aluminum to reflect the opening of the Summitville open pit
mine.

The isotopic composition of lead from the seeps and
draining adits collected in and around the Summitville
deposit in 1995 matched the composition of lead determined
in galena prior to the opening of the Summitville open pit
mine. Lead-isotopic data from the stream-sediment survey
were used to define the relative masses of metal derived
from various stream drainage basins using lever-rule
calculations. A comparison of the lead-isotopic data in the
stream sediments being deposited in 1976 and 1994 indi-
cates that the amount of metal coming from the Summitville
mine increased about forty percent in 1994 over that being
deposited in 1976.

Isotopic and Chemical Compositions of Rain
and Snow Precipitation at Bologna, Italy

CORTECCI, Gianni', DINELLI, Enrico’, & MUSSI, Mario?
'Dipartimento di Scienze della Terra e Geologico-Ambientali,
Universita di Bologna, Piazza Porta S. Donato 1, 1-40126
Bologna, Italy

2Istituto Internazionale per le Ricerche Geotermiche, CNR, Piazza
Solferino 2, I1-56126 Pisa, Italy

Bologna is a densely populated and very busy city sur-
rounded by a wide industrial belt. Therefore, air pollution
represents a major environmental problem. In order to trace
this phenomenon, a systematic chemical and isotopic study
was undertaken since February 1996 on rains and snows
collected at the center of the town.

Individual and monthly precipitation has been and
continues to be analyzed for isotopes (°H, *H, *0, and *S)
and individual elements (Ca®, Mg*, Na*, K*, SO, NO;
and CI). Interestingly, the 3S values of aqueous sulfate
display a narrow range from +0.4 to +3.8 %o, in spite of
remarkable differences in the chemistry and isotopy of rains
and snows as well as in the meteorological conditions like
wind direction during the precipitation event. The O and
?H of water show large variations from -17 to 0 %o and -126
to +6 %o respectively, depending on a number of factors
including timing and provenance of disturbances.

As far as the chemicals are concerned, SO 2 to CI' ratios
are normally higher than unity, with concentrations from 1 to
23 mg L' for SO,* and from 0 to 6 mg L' for CI. Nitrate
ranges between 0 and 17 mg L. Calcium is the prevailing
cation, followed by sodium, magnesium and potassium.
Analyses of heavy metals are in progress.
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The Application of Geochemical Data to
Environmental Concerns in the Minas
Gerais State, Brazil

CUNHA', F.G. MACHADO',G.J. and MELLO? C.S.B.
!Geological Survey of Brazil - CPRM

2Geochemistry Consulting Av. Pasteur 404, Praia Vermelha, Rio
de Janeiro, Brazil 222900.040

The Geological Survey of Brazil (CPRM) has an extensive
geochemical data base covering all of the Brazilian territory.
The database, in conjunction with the Geochemistry and
Environmental Project, assists in land-use planning such as
uses of soil and agricultural productivity related to the
control of endemic diseases, and environmental manage-
ment. In 1977 the area for the Sapucai Project was selected
as the Pogos de Caldas and Varginha cities, Minas Gerais,
(MG) State. The region encompasses an area of about
44,880 km? and has geological and geochemical coverage
made by CPRM. This study was based on the results from
the chemical analyses of Pb, Zn, Ni, Cr, Cu, Co and Mo
based on an environmental study of 590 stream sediment
samples. Using GEOSOFT software, geochemical maps for
the selected elements were created. After data analysis, two
areas for detailed examination were selected: Pogos de
Caldas showed high concentrations of Mo and low contents
of Cu (possible problems for livestock and human health,
such as molybdenosis and hypocuprosis); and Sao Goncalo
de Sapucai. These areas represent old mining activities and
new agricultural activity. The correlation between these
geochemical data sets and those available from public heath
sources are being examined for the Pogos de Caldas area.
The study examines the utility of these data sources in
assisting local governments to solve environmental
geochemical problems.

Application of Mine Fire Diagnostics

DALVERNY, L.E.!, CHAIKEN, R.F.? and KIM, A.G.

'Federal Energy Technology Center, P.O. Box 10940, Pittsburgh,
PA 15236, USA

?Pittsburgh Research Center, NIOSH, P.O. Box 18070, Pittsburgh,
PA 15236, USA

Mine Fire Diagnostics is based on the assumptions: (1)
measurable changes in the emission of low molecular weight
hydrocarbons from coal are temperature dependent, and (2)
analysis of controlled underground air flow between bore-
hole sampling points can determine the source of the
hydrocarbons. Gas composition, temperature, and pressure
are determined before and during operation of a suction fan
attached to one of a network of cased boreholes. Fan suction
influences gas movement at the base of neighboring bore-
Yoles, and differences in measured pressure indicate the
degree of communication between the suction and other
boreholes. A fire signature is based on a ratio of C,-C,
hydrocarbons to total hydrocarbons. Using a gas chromato-
graph, the detection level for hydrocarbons is 1 ppm; a
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sample can be analyzed in less than 2 minutes. Laboratory
studies confirm that changes in hydrocarbon emission are
detectable at temperatures below 100°C. Integrating fire
signatures from multiple tests, with different underground
gas flow orientations, produces a two-dimensional map of
heated and cold zones.

The methodology has been used at four abandoned coal
mine sites, three bituminous and one anthracite. Three non-
contiguous combustion zones were delineated at the first
site. At the second site, it was determined that heating
extended several hundred feet into the mine and along more
of the buried outcrop than indicated by surface expression.
The third evaluation indicated possible heating near some
houses; assessment was complicated by apparent low
permeability in the mine. In the anthracite mine, changes in
methane concentrations indicated the presence of seven
noncontiguous heated zones.

Environmental Applications of the Regional
Geochemical Mapping of Soils and Stream
Sediments in South Africa

de BRUIN, D., ELSENBROEK, J.H., and LOMBARD, M.
Council for Geoscience, Private Bag X 112, Pretoria, 0001, South
Africa

A regional geochemical mapping program has been con-
ducted in South Africa since 1973 by the Council for
Geoscience. A total area of 280,000 square kilometers have
been covered to date at a sampling density of one sample per
km?. This represents coverage of 23 % of the surface area of
South Africa. Samples from first order streams are preferen-
tially collected, but representative soil samples are taken if
these are not present within the designated square kilometer.
The <75 pm fraction of samples is collected by dry sieving
and analyzed for 24 elements (TiOz, MnO, Fe203-T, Sc, V,
Cr, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Nb, Mo, Sn, Sb, Ba,
W, Pb, Th, U) by simultaneous XRF on pressed powder
pellets. Samples from selected areas have also been ana-
lyzed for additional elements (Pt, Pd, Au and major ele-
ments) using other analytical techniques. The results are
processed by using a Geographical Information System
(GIS). The XRF results show an excellent correlation
between soil chemistry and underlying geological forma-
tions. Geological units are clearly demarcated even on
1:50,000 scale maps (700 samples), and on larger scales the
chemistry clearly reflects regional geological patterns. Apart
from geological correlations the data set can also used for
exploration purposes, the establishment of environmental
baselines within geological units, and agricultural applica-
tions. An advantage of the methodology followed by this
program is that all sample materials are stored and archived,
which allows for samples to be analyzed by other and future
advanced analytical techniques for additional elements as the
need arises.

Prominent anthropogenic contamination can be readily
detected in two separate mining areas. The area surrounding
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the copper smelter at O’Kiep in the Northern Province is
surrounded by a distinct increase in copper values across
geological boundaries. At Rustenburg, the center for the
processing of PGE ore from the Western Bushveld situated
in the Northwest Province, high levels of Cu, Ni, Pt, and Pd
are clearly detected in surrounding areas. Significant
correlations were also found between geochemical signa-
tures and the reported condition of geophagia and hepatitis
in cattle and sheep grazing in areas underlain by a specific
dolomite formation.

Geochemical Assessment of Passive
Treatment Methods for Acid Mine Waters
from a Flooded Uranium Mine

DEISSMANN, Guido', KISTINGER, Stephan', PLUGER, W.L.?
'Brenk Systemplanung Heider-Hof-Weg 23, D-52080 Aachen,
Germany

*Institute of Mineralogy and Economic Geology, Aachen
University of Technology, Walinerstr. 2, D-52056 Aachen,
Germany

The generation of acid mine waters, commonly termed acid
mine drainage, is one of the key environmental aspects of
mining if sulfide bearing ores are mined. The discharge of
such acid mine waters, strongly enriched in sulfate, heavy
metals, and radionuclides, after the flooding of the under-
ground operations of an abandoned uranium mine in East
Germany might cause contamination of ground and surface
waters and prove to be hazardous to the environment. This
paper outlines the assessment of different approaches for an
in situ treatment of these mine waters by conventional
neutralization methods like addition of caustic soda or lime
and by treatment methods using cheap industrial materials
such as fly ash from lignite-burning power plants and scrap
iron. Focal points are the effectiveness of the various
methods and the mechanisms of the reduction of contami-
nant levels. The results of a laboratory study indicate that,
besides neutralization with lime or caustic soda, water
treatment with fly ash or fly-ash cement is an effective
method for the in situ neutralization of acid mine waters and
the reduction of contaminant levels. In contrast, due to
kinetic reasons, the underground storage of scrap iron is not
an effective method for the removal of uranium from acid
mine waters, although neutral pH and reducing conditions
can be obtained, which result in a decrease in the concentra-
tion levels of various other toxic heavy metals in the mine
water,

Trace-Element Contamination in The
Environment of Recife Metropolitan Area,
Pernambuco, Brazil

DeLIMA, Edmilson S., SILVA, Maria do Carmo T., FLORENCIO,
L., ESPIRITO SANTO, Lidiane S. do
Av. Acad. Helio Ramos S/N, 50.740-530, RECIFE, PE, Brazil

The purpose of this study is to evaluate qualitatively and
quantitatively the contamination of the environment with
heavy metals in the Recife Metropolitan Area (RMA),
Pernambuco State, Brazil. To achieve this objective,
aerosol-loaded filters, collected through a network of 10
monitoring stations in the RMA by the local environmental
agency (CPRH) will be analyzed. The first station was
installed in 1991 in Downtown Recife. So far, only total
suspended particulate (TSP) concentrations have been
determined for all stations. In some stations smog, sulfur,
and nitrogen oxides have been determined (CPRH, 1996). A
total of 788 well-kept aerosol-loaded filters have been
collected through high-volume manual samplers. Using TSP
concentration data for a four-year period (1991-1994), the
air quality in Recife Metropolitan Area has exceeded the
primary standard values, according to Brazilian standards in
the three stations.

A preliminary site characterization is being made at the
Santo Antonio (downtown) Station, which exceeded the TSP
primary standard values. This will provide a first insight
into the heavy metal concentration versus Total Suspended
Particles. Among the 788 aerosol-loaded filters collected,
33 were analyzed for Zn (0.1-1.0 mg m?3, Pb (0.009-0.003
mg m?3), Cd (0.001-0.002 mg m**), Cu (0.001-0.019 mg m*),
Fe (0.010-0.020 mg m*), Mn (0.003-0.009 mg m3), Ni
(0.001-0.002 mg m*). These analyses showed a higher
concentration of metals during the dry season (August to
February) than those for the wet season (March to July). As
a result, the local environmental agency can make recom-
mendations for pollution reduction and propose relevant
legislative measures where applicable.

Support for this study: CPRH/FACEPE/UFPE

Environmental Geochemical Mapping in
Sardinia (Italy)

DE VIVO, Benedetto, BONI, Maria, and COSTABILE, Salvatore
Dipartimento di Geofisica e Vulcanologia and Dipartimento di
Scienze della Terra, Univ. Napoli “Federico Il”, Via
Mezzocannone 8, 80134 Napoli, Italy

Geochemical data obtained during regional mineral explora-
tion programs carried out by the Italian Government in
different regions of Italy in the 1970’s and 1980’s, can be
reutilized to compile regional geochemical baseline maps.
Geochemical baseline maps, in Italy, have already been
compiled by our research group for two Regions, Calabria
and Monti Peloritani (Sicily) and, partially, for Sardinia. We
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report here results of the maps covering much larger areas of
Sardinia compared with the maps already compiled.
Sardinia is a mining region active for 2,000 years. It has
been explored at a regional scale, but with only a few
letailed follow-up studies in some specific areas. Geologi-
cally, Sardinia is made up of a Paleozoic igneous and
metamorphic basement, with a Mesozoic-Tertiary volcano-
sedimentary cover. The most important tectonic imprint is
due to Hercynian orogenesis; Caledonian and Alpine events
are responsible of minor deformations associated to mag-
matic activity. Base-metal mineralization, in addition to Ba,
F, Mo, Sn, Sb and recently also Au, occur in all the litholo-
gies of Sardinia, with a preferential concentration in Paleo-
zoic terranes. Economically, the most important ore
deposits are located in the southwestern part of the island
(Iglesiente-Sulcis), where for centuries Zn, Pb, Ag, Cu ,and
Ba have been mined. Today most of these mines are closed;
however, it is anticipated that Au mining operations in the
Tertiary volcanic series will open soon.

Geochemical maps of Sardinia have been constructed
using stream sediment analytical baseline data from regional
drainage surveys carried out in the 1970’s and 1980’s by the
Ente Minerario Sardo (EMS) on behalf of the Italian
Government. The stream sediments utilized for this study
vary from an average minimum of 4,500 to an average
maximum of 23,000 samples. The area covered also varies
from about 13,000 km? to 17,000 km?2. A total of 56
elements have been analyzed by Atomic Absorption and
INAA. Univariate and multivariate statistical analysis has
seen carried out on the analytical data to produce maps
illustrating the regional variability of each element, as well
as maps showing the distribution of factor scores of elemen-
tal associations resulting from R-mode factor analysis. The
geochemical maps resulting from this study are useful in
preparing environmental assessments, guidelines, and
regulations in addition to their primary purpose as a tool
addressed at mineral exploration.

Plant-Soil Relationships in the Serpentinite
Screes of Mt. Prinzera, Northern Apennines,
Italy

DINELLI, Enrico’, LOMBINI, Allessandra®, FERRARI, Carlo?,
and SIMONI, Andread’

!Dipartimento di Scienze della Terra e Geologico-Ambientali,
Universita di Bologna, Piazza di Porta S. Donato, 1; I-40126
Bologna

’Dipartimento di Biologia Evolutiva, Universita di Bologna, V.
Irnerio, 42; 1-40126 Bologna

3Istituto di Chimica Agraria, Universita di Bologna, Viale Berti
Pichat, 10, I1-40127 Bologna

The study of soil chemistry and metal accumulation in some
olants growing on the serpentinite screes of Mt. Prinzera
(PR) was performed. Sampling surveys were carried out
over two years (May 1994 and May 1995) in the same
locations. Bulk soil chemical composition was determined
by X-Ray Spectrometry, extractable fractions of Ni, Cr, Co,
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Cu, Zn, and Fe (measured by both EDTA and DTPA), and
of Ca, Mg and K (measured by NH,OAc) were evaluated.
All these elements were analyzed on whole plant, aerial
parts, leaves and roots.

High concentrations of Mg, Fe, and heavy metals (3,500
mg g Cr, 2,200 mg g Ni, 160 mg g Co), low levels of
macronutrients (Ca and K); and a Ca/Mg ratio always <1
characterize this environment. A direct correlation exists
between extractable metal and total soil content both for
EDTA and DTPA. A negative correlation is displayed by
Mg, uonc @nd Cr o . The extractable fractions do not show
clear relations to concentration observed in plants, which
may suggest that a specific effect must play an important
role in metal uptake in plants.

Higher concentrations are observed in the aerial parts of
the plants, without significant variations between 1994 and
1995. The Ni hyperaccumulation of Alyssum bertolonii
Desv. (2,115-5,860 pg g Ni) is confirmed. Our data point
out also high Cr (175-395 ug g') and Fe (4,000-13,500 pg
g!) concentrations in Dianthus sylvestris Wulfen. Among
the taxa considered, according to decreasing BAC (concen-
tration in plant/total soil concentration) values, a general
sequence like Zn>Cu>Co><Ni>Cr can be generalized.
However Alyssum bertolonii Desv. and Silene armeria L.
tend to preferentially concentrate Ni and Cu respectively
(Lombini er al., 1995a; 1995b; Dinelli and Lombini, 1996).

Dinelli E. & Lombini A. (1996). Applied Geochem., 11, 375-385.
Lombini A., Pandolfini T., Ferrari C. & Dinelli E. (1995a). 2nd inter.
Conf. on Serpentine Ecology, Noumea, 65.

Lombini A., Ferrari C., Calzoni G.L. & Dinelli E. (1995b). Giorn. Bot.
It., 129(2), 147.

Classifying and Mapping the Sensitivity of
South African Highveld Soils to
Acidification

DODDS, Heather A., and FEY, Martin V.
Department of Geological Sciences, University of Cape Town,
Rondebosch, 7700, South Africa

The buffer capacity of soils affects the extent to which land
and water become degraded by the acidifying effects of air
pollution and land use practices such as forestry. Over the
last three decades, soils of the industrialized South African
highveld have been mapped as land types at a scale of
1:250,000. These maps were used as a basis for applying
the Skokloster and Stockholm Environmental Institute
classification systems in assessing critical acidification loads
in this strongly polluted region. The inconsistent results
obtained were attributed to a possible overemphasis by these
classification systems on soil mineralogy, especially in the
context of the highly weathered nature of many highveld
soils. Also, mineralogical composition cannot accurately be
inferred from soil maps prepared with the South African
system of soil classification. As an alternative, a simple
buffer method for determining acid neutralizing capacity
(ANC) was applied to 145 well-characterized soils from the
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region. The method consists of equilibrating a soil sample
with an acidic, acetate buffer solution and measuring the
resultant suspension pH. The correlation of ANC with
routinely determined soil properties (e.g., base saturation
and texture) was then used to derive maps from land type
data which show, at 1:250,000, the sensitivity of the soil
mantle to acidifying impacts in terms of the proportion of
soils falling into different sensitivity classes. The maps have
helped us focus on areas of priority for impact studies, while
the classification itself, when applied to individual soil
types, provides a basis for land management employing
existing soil maps at any scale. The ANC determination
provides an inexpensive, quantitative index of soil buffer
capacity which can be employed for routine characterization
of soils.

Mercury Occurrence, Transport, and
Speciation in the Sacramento River Basin,
California

DOMAGALSKI, Joseph L.
U.S. Geological Survey, Placer Hall, 6000 J Street, Sacramento,
CA 95819-6129, USA

Mercury poses a water-quality problem for California’s
Sacramento River — a large river with a mean annual
discharge of over 650 m* s'!. Total Hg concentrations in the
lower reaches of the Sacramento River exceed State and
federal guidelines of 12 ng L' for up to 30% of the year.
This river discharges into the San Francisco Bay, and
numerous fish species of the bay and river contain Hg levels
high enough to affect human health. One potential source of
Hg is from deposits, which were once mined in the Coast
Ranges, west of the Sacramento River, and used to process
gold in the Sierra Nevada, east of the river. Mercury from
Coast Ranges streams probably is not a significant source to
the Sacramento River except during flood years because at
other times flow from those streams seldom reaches the
Sacramento River. Residual Hg from mineral processing in
the Sierra Nevada is mainly in elemental form or in associa-
tion with oxide particles or organic matter and is known to
be biologically available. The massive sulfide deposits of
the West Shasta mining district in the upper part of this basin
are another potential source of mercury. Recent bed-
sediment sampling showed elevated levels of total Hg
(median concentration: 0.28 pg g') in every large river
draining the Sierra Nevada gold region. Reservoirs now act
as a sink for biologically available Hg, but downstream
contaminated sediments still present a problem, especially
during periods of high flow when bed sediments are resus-
pended. Early results from a one-year program of total
methy]l mercury sampling showed very low concentrations
(median concentrations of 0.08 ng L'} in the reach of the
Sacramento River above the confluence with the rivers
draining the Sierra Nevada and above the major agricultural
inputs to the Sacramento River. Higher concentrations
(median concentration: 0.14 ng L") and greater variability

in concentration were measured downstream of those
sources. Though this increase may be partially attributable
to transport of methyl mercury from Sierran rivers, methyla-
tion of Hg in rice fields irrigated with Sacramento River
water may also play a significant role in the increase in
concentrations.

Effects of Evapoconcentration on Water
Quality in Mine Pit Lakes

EARY, L. Edmond, and DAVIS, Andy
Geomega, 2995 Baseline Rd., Suite 202, Boulder, CO 80303, USA

In Nevada, there are over 30 open pits where low-grade
precious metal deposits are being worked. Many of these
deposits are hosted in carbonate rocks and located in
hydrologic sinks. Hence, an environmental concern for
closure is not necessarily acid mine drainage, but the
potential creation of pit lakes with excessive alkalinity from
evapoconcentration. PHREEQC simulations of the evapora-
tion of existing pit lakes indicate that those with 2[Ca*] <
[HCO,7] (e.g., Cortez pit) will initially precipitate calcite at
pH 8.1. With continued evaporation, calcite formation
depletes solutions of Ca?*, leaving excess carbonate,
eventually producing waters with pH’s > 9.2 and alkalinities
> 6900 mg L. Anions, such as As, B, and Se, increase
linearly with evapoconcentration because of no solubility
controls and decreased adsorption in alkaline conditions.
These pits are analogous to natural lakes, such as Walker
Lake, NV, that has a pH of 9.5 and 1.1 mg L' of As.

In contrast, in pit lakes with 2[Ca?*] > [HCO,] (e.g.,
Yerington pit), evaporation initially causes calcite formation
at pH 8.1; a process, in this case, that removes carbonate but
leaves excess Ca?*. Gypsum solubility is eventually reached
resulting in a pH of 7.9 after a 100-fold evapoconcentration,
while As and Se levels remain nearly constant because of
partial adsorption in near neutral conditions. These pits are
analogous to Carson Sink; a lake that has evaporated for
thousands of years but has a pH of 7.8. The simulations
indicate that the classical concepts of chemical divides are
applicable to predicting water quality in evapoconcentrating
pit lakes and that natural lakes can provide insight on their
evolution.

The Development of a Biological Toxicity
Based Test for Water Quality

EDWARDS, Robert!, CRONIN, Mark T.P.!, MERCHANT, David',
SCULLY, Patricia'’, WALLACE, Peter', and GRABOWSKI, Josef?
'Liverpool John Moores University, Byrom Street, Liverpool, L3
3AF, UK

*Institute of Physics, Poznan Technical University, Piotrowo 3,
60-965 Poznan, Poland.

Ascertaining the quality of water is important to maintain
and restore its suitability for particular users. Direct
measurement of the toxicity of surface waters and effluents,
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based on the response of a biological indicator, overcomes
the need to individually measure variables such as pH, BOD,
and organic and metal concentrations. It also offers the
advantage of determining the toxicity of effluents which
>ontain complex mixtures of chemicals which exert synergis-
tic and antagonistic toxic effects and where no toxicity data
exists.

A rapid method for toxicity testing has been developed
using a common algae (Chlorella vulgaris). The test
depends on the ability of a standard concentration of the
algae to enzymatically hydrolyze fluorescein diacetate (FDA
- a non-fluorogenic compound) to the fluorescent compound
fluorescein. The rate of hydrolysis is measured using a
Perkin Elmer MPF 4A spectrofluorimeter over a period of
10 minutes.

In this study, a carefully selected group of compounds
acting by the non-polar narcosis and polar narcosis mecha-
nism of action were tested over a concentration range. From
the results NOE (no observable effect) and LC, concentra-
tions were determined.

Quantitative Structure Activity Relationships (QSAR),
which relate the biological or toxicological activity of a
chemical compound to some aspect(s) of its physico-
chemical structure, were determined. QSARs provide a
means both to predict the toxicity of untested compounds
and shed light on the mechanism of toxic action. QSARs
based upon the 10-minute LC,  are presented and show the
expected excellent correlations with the hydrophobicity
(octanol-water partition coefficient (Log P)) of the com-
Jounds studied.

The QSARs based on the acute algal toxicity are
statistically significant and comparable to those for other
algal and aquatic species. This demonstrates the potential of
this method to provide a rapid and cost effective toxicity test
for organic compounds.

Biogeochemical Mechanisms Influencing
Metal Mobility in Natural and Constructed
Wetlands

EDWARDS, P.!, BOWELL, R.J.2, CONNELLY, R.J.? and WOOD,
A. 3

!The Environment Agency, Glan Tawe, Swansea, SA1 4DF, Wales
2Steffen, Robertson and Kirsten (UK) Ltd, Summit House, Cardiff,
CF1 3BX, Wales

ISteffen, Robertson and Kirsten (CE), SRK House, Illovo,
Johannesburg, South Africa

The Pelenna River system has been impacted by ferruginous
discharge from abandoned coal mines for more than 25
years. As well as the impact on water quality in their
receiving rivers, a major aesthetic impact has also occurred
due to ferric oxyhydroxide precipitation in river sediments.
Associated with this are low populations of fish and macro-
invertebrate communities. Iron concentrations upstream of
the discharge were in the range 0.06-4.53 mg L', but where
mine water discharges enter the water courses, mean Fe
concentration ranges from 25-43 mg L. The most signifi-
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cant discharge in terms of Fe loading is from the Garth
Tonmawr wetland, from which approximately 67 kg per day
of Fe is discharged into the Blaenpelenna River. Despite
large accumulations of Fe, Mn, and SO, in sediments in this
natural wetland, outflow and mine water inflow into the
wetland. This suggests that a maximum loading of these
elements can be anticipated in a wetland after which little
chemical precipitation occurs.

Within a constructed wetland, attenuation of Fe and
SOf'is around 50%; 15-20% for Mn. However, based on the
natural wetland study it is predicted that in time this too will
gain a critical loading for precipitates after which outflow
chemistry from the wetland will be similar to inflow. From a
literature review no constructed wetland has been found
which has been effective for SO,> removal for more than 3
years and for Fe removal for more than 10 years. Conse-
quently in the treatment of mine drainage, wetlands cannot
be considered as a “walk away” solution and after a period
of time (on the order of 5-10 years) they will no longer
continue to operate effectively.

Influence of Bicarbonate on Pyrite
Oxidation

EVANGELOU, V.P. and SETA, A.K.
Department of Agronomy, N-122 Agricultural Science Building,
N., University of Kentucky, Lexington, KY 40546, USA

A mechanism explaining enhancement of abiotic pyrite
(FeS,) oxidation in circumneutral pH environments is OH
involvement in an inner-sphere electron transfer process. In
this process an OH- and an electron are exchanged simulta-
neously between pyrite surface-Fe(III)(OH) ** and pyrite
surface disulfide. Data in the literature suggest that bicar-
bonate (HCO,) could abiotically promote pyrite oxidation,
but this mechanism is not understood and evidence is
lacking. This study was carried out to elucidate the potential
role of HCO, on pyrite oxidation. Evidence obtained from
our previous studies, using FT-IR spectroscopy, demon-
strated that pyrite exposed to humidified CO, plus O, formed
pyrite surface-Fe(II)-HCO, complexes. Based on the above
results, it was postulated that HCO,, having the potential to
form pyrite surface Fe(Il)-HCO, complexes, would promote
abiotic pyrite oxidation by accelerating oxidation of Fe(lI).
The latter (Fe(II)) would oxidize the disulfide (S%) by
accepting its electrons. Using a miscible displacement
technique, oxidation of FeS, with H O, was carried out in the
absence or presence of 10 or 100 mmol L' NaHCO,. The
data showed that 100 mmol L' NaHCO, significantly
increased the oxidation rate of FeS,. Furthermore, the data
showed that FeS, oxidation kinetics were dependent on H,0,
concentration at the 10 mmol L' HCO,, but were less
dependent on H,0, concentration at 100 mmol L' HCO,.
These results are consistent with the findings of our FT-IR
spectroscopic studies and published data which showed that
Fe(II) oxidation in solution was enhanced in the presence of
solution HCO,".
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Biodegradation of “C Labeled Organic
Acids and Organo-Metal Complexes in Soil

EVANS, Andrew, Jr.
Department of Integrated Science and Technology, James
Madison University, Harrisonburg, VA 22807, USA

Low-molecular-weight organic acids are produced in soil by
various biological and chemical processes. These com-
pounds can exhibit substantial metal complexing and mineral
dissolution capacity, while being subject to microbial
degradation. Microbial degradation of noncomplexed and
Al-, Cu-, and Pb-complexed radiolabeled organic acids were
studied using soil biometer flasks containing various forest
soil horizons. To each soil sample, 5.0 x 10-* mole of
organic acid containing 3.7 x 10% Bq total activity was
applied. The “C-radiolabeled materials studied included
oxalic, malonic, succinic, and phthalic acid. Evolved "“CO,
was trapped in 0.5 M NaOH and measured using liquid
scintillation counting. Both noncomplexed and complexed
acids degraded rapidly within the first 5 days for the Apl,
Ap2 and BA soil horizons, with a considerably slower rate
of degradation being observed in the Btl horizon. Similar
trends were observed for the metal-complexed acids.
Percent degradation for noncomplexed acids ranged from 25
- 73% and generally decreased with increasing soil depth.
Metal-complexed acids demonstrated considerably less
degradation, ranging from 12 - 40% for Al-complexes; 0.05
- 35% for Cu-complexes and 0.36 - 25% for Pb-complexes.
Heavy metal complexation substantially reduced the quantity
of organic acid degraded in all soil horizons, with acid
degradation in the Bt1 horizon being essentially negligible.

A Study of the Rare Earth Elements in
Aqueous Carbonate and Chloride Systems

FANNIN, Craig!, EDWARDS, Robert', and KELLY, Eugene?
Liverpool John Moores University, Byrom Street, Liverpool, L3
3AF, UK

2BNF Pic., Sellafield, Seascale, Cumbria, CA20 1 PG, UK

Two of the most common man-made radiogenic elements,
Pu and Am, form ions of the same oxidation state and ionic
radii as the rare earth elements (REE) Ce, Nd and Eu.
Solubility and sorption studies can be carried out at much
higher concentrations for the REE (or REE with actinide
tracers) than for the actinides themselves. Plutonium and
americium chemistry can be predicted through much larger
concentration ranges using the REE without elaborate
radiological safety precautions.

Detailed studies of the carbonate and chloride systems
have established the major phases formed from direct
precipitation of a selection of REE. Stability constants have
been determined for these major phases and results will be
presented for predicting solubilities of the major phases in
radioactive waste disposal systems, with possible extrapola-
tion to similar Pu and Am species.

In addition to stability studies, sorption experiments are

being carried out on a selection of mineral phases typical of
the repository near field and the geosphere, to determine the
complete extent of REE removal from solution.

Exposure to Platinum from Vehicle
Catalytic Converters and Possible Health
Implications

FARAGO. M.E.!, THORNTON, 1!, KAZANTZIS, G.!, SIMPSON,
P.R?

!Environmental Geochemistry Research Group, Centre for
Environmental Technology, Imperial College of Science
Technology and Medicine, London SW7 2BP, UK

2British Geological Survey, Keyworth, Nottingham NG12 5GG, UK

This study considers human exposure to and possible health
risks from platinum emissions from vehicle catalytic
converters.

Vehicle exhaust catalysts became mandatory in the UK
at the beginning of 1993 in response to the emission stan-
dards introduced in the EU, equivalent to those in the USA.
Modern three way catalysts, which control NO, emissions as
well as CO and HC, typically contain 0.08 % Pt, 0.04 % Pd
and 0.005-007 % Rh. Evidence from a number of countries,
including Germany, Sweden, USA and Britain, has shown
that Pt in the environment has increased since the introduc-
tion of vehicle catalysts. Our work provides further evi-
dence that Pt in road dusts is associated with traffic. Part of
the Pt released into the air is deposited close to the roads and
can be washed off by rain into rivers and coastal marine
waters. Road dusts transported in storm water are eventually
deposited as urban river sediments. Thus Pt from road dusts
can be solubilized, enter waters, sediments, soils and the
food chain. Some Pt compounds are known to be cytotoxic
and have mutagenic and carcinogenic effects, and to have
effects on microorganisms at very low concentrations.
Platinum provides an example of the significance of specia-
tion in metal toxicity. Metallic Pt appears to be biologically
inert and non-allergenic. Platinum allergy, found in a
number of susceptible precious metal workers, is confined to
a small group of charged compounds that contain reactive
ligand systems the most effective of which are Cl- ligands. It
is evident that more information concerning exposure of the
human population to platinum metals in water, air and
foodstuffs and the health effects of such exposure is urgently
required.
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Identification of Arsenic-Rich Ground
Water Using Geochemical Signatures and
Geophysical Log Analysis, Albuquerque,
New Mexico

FINCH, Steven T.
John Shomaker & Associates, Inc., 2703-D Broadbent Parkway,
NE, Albuquerque, New Mexico 87107, USA

From analysis of zoned ground-water sampling tests and
geophysical logs, we have developed techniques for identify-
ing the source and distribution of dissolved As produced
from the Tertiary Santa Fe Formation sediments of the
Albuquerque Basin. The initial investigation included
correlation of As with chemical parameters that have not

- been considered in previous studies, and evaluation of
theories for As source and distribution.

Findings from a more detailed investigation include the
following: 1) The source of As is most likely associated
with sediments eroded from nearby volcanic and igneous
rocks containing As-bearing minerals, which are transported
to a specific depositional environment and concentrated by
sorption onto Fe oxyhydroxides. Sediments derived from
these rocks may have been deposited as specific strata
indicative of a particular depositional environment and time,
2) Subtle differences in the aquifer chemistry, resulting from
water-rock reactions or chemical evolution, can influence the
mobility of As. The chemical environments associated with
slevated As may be identified by major-ion analysis, 3) As,
V, and U are commonly associated with the same source,
and behave as dissolved constituents under similar chemical
conditions. Elevated concentrations of dissolved As
correlate with elevated concentrations of dissolved V from
water produced from City of Albuquerque wells, and 4) In
cases where elevated concentrations of As occur with
elevated concentrations of U in specific strata, then the strata
could be identified by analysis of gamma-ray logs.

Formation of Gossan and Oxidation of
Sulfide Ores as Analogs of Oxidation of
Tailings Piles

FLOHR, Marta J.K. and HAMMARSTROM, Jane M.
U.S. Geological Survey, 954 National Center, Reston, VA 20192,
USA

Study of gossan and partly oxidized sulfide ore collected
from mine waste dumps from the sediment-hosted Hazel
Creek (chalcopyrite + sphalerite + pyrrhotite + galena) and
Fontana (pyrrhotite + chalcopyrite + sphalerite + galena)
copper mines, Swain County, North Carolina, will help us
understand the weathering behavior of compositionally
similar ores and metal mobility in tailings piles.

The relative reactivity of sulfide minerals in the partly
oxidized ores is: pyrrhotite >> Se-bearing galena > chal-
copyrite, sphalerite. The relative reactivity of galena,
chalcopyrite, and sphalerite is governed primarily by mineral
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associations. Mineralogical and compositional data (elec-
tron microprobe, scanning electron microscope, X-ray
diffraction) indicate that Fe, Cu, Ag, and Si are concentrated
and S and Zn are depleted during progressive oxidation and
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